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(54) ANTIREFLECTION COATING COMPOSITION 

(57)Abstract: 

PROBLEM TO BE SOLVED: To obtain a novel light absorbing crosslinked composition suitable for use 
as an antireflection composition and particularly suitable for forming an image with a short wavelength 
as 1 93 nm. 

SOLUTION: A layer of an antireflection composition containing a resin binder having phenyl groups is 
disposed on a substrate and cured. A layer of a photoresist composition is disposed on the cured layer, 
exposed with activating radiation and developed to form a photoresist relief image. In this method, the 
ARCs are employed together with the overcoated resin layer using the ARCs as a base layer, contain a 
novel ARC resin binder in general, and effectively absorb reflected exposure radiation of <200 nm 
wavelength. 
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^<Dtm%^\ m<o^mt\,x, tum^^t 

[0 0 6 9] 5l<ft$iXfc»«tt7* b hco 

[0 0 7 0] 

mmmi *&mx&<<z>£:x<n$:m*. *&m<o*x 

[0 0 7 1] ^Sfe^i) 1 - 3 : U -r-co^ 
HJS^I 1 : ^/l-ita* 3 0 : 3 8 : 3 2"Cfc5, 

^ y si-M* ^/uco^-y a^j^s 3 7c = ^y -*—*£k 

>1 6 9. 79 g ; D-ATyK^^ltKO Ta^y 
/V4 0 0 (RocryUOO) J <D* & & V 2 
-tKD^>xf^2 6 9. 1 0 g ; &£lfu— 
hVN— ^^fc^coy y^g^^vn 7 3. 9 7 g)$: 



2, 3 7 5 g<DTHF(Cigft?Lfc 0 ®S*gi£{C^£r 2 

*WJVazo52Srll. 6 3 g*P;t, tiQf&mffi (6 5 
-6 7t) «rm^s&r«>Ulc 1 5^<^o^: 0 S 

(*sr/*a i/i) i2L^itK$fto jkd^ 

S^r—te2. 4M&%. Tg = 92t, Td = 2 3 9t 

ofc 0 y>0^^ (gel perm 

eat ion chroma tography) (C «fc & 
ft*Mffi$T<DlfeMs Mw=2 2, 4 16, Mn = 10, 
0 3 1 £*J&S#*»ofc 0 

[0 0 7 2] HJfefll 2-3: SA^/v^f^^U 

/V : * * * $ ;l&*7A'<D&\<D3yc = tf})^—$:&JiiL, 

HJ£0iJ 2 : ^/V%0>JfcSpS 1 2:3 8:5 0^1 

(5, OOOmL) «rJfH>fc« ifc&i* 1 6 8 g 
(7)8 4%) "Cifeofc. ^A-g^u-^ h^:?-* — l£cfc 

WMIt'Mw- 1 9 , 612, Mn = 1 0, 4 3 4t* 
£>9, ^^CO^cO^Tg = 7 6t, ^UTd = 

2 0 1 C £ itftfri fco 

[0 0 7 3] 3 : */V%Jt 18:38:44 

(O^U^, ^ ^ ^ y /l/®?- 2 - t Kn dei/xf ;l/$5ct 

-o tti^^Ji: tT^^t> (4, 5 0 0mL) Srffi^ 

fee nxfl:«6 8g (simm>7 9%) -e*>ofe 0 ysum 

2, Mn=l 1, 5 6 4-e*>0, *<D^##f<0*£jg:T 

g = lo 7t-Cfc5:i:Wot 

[0 0 7 4] Hifctfl 4 : mm 1 O^WgtC^o t s 
0. 36WoOl^JVazo5 2$:ll\ -^y-e— 
(D^/U%\t 3 0:3 8:3 2 U> : ^ ^ * V /Vgfc 

-2-t Kndfv/xfyV; p< ^ ^ y /U^^ ^>C0 3 5c=* 

©WI-CMw=5 4, 50 2,Mn = 2 2, 4 9 5*0 

[0 0 7 5] £g%ft| 5 : l <^«£fto t, 

0. 7 2 j e/U%<7)§B*&#JVa z o 5 2 5r^V\ ^/V%tt 

3 0:3 8:3 1:1 T'^f : ^ V 2 - 
tb*u:*??V tvm* *f*>\, : * # 9 ]} ,Ug&- n --f* 
/V0 4 5c^^y^-$r^Lfc c y^tl^nvh^7 



-7 4-ic£z&*mm$r<Dig%:n^ tfyx^u^mm 

■V->^t(DftMm-?Mw=2 2, 6 4 6, Mn=l 
0, 3 0 7-Cfe^ W^^«Tg = 7 4t, 
Td = 331 t"Cfc6: t *5^>ofc 0 
[OO7 6}«0lj 6: HJS^ 1 O^MgiC^oT, 
0. 3 6^yl-%<D5a^jV a z o 5 2 SrJBW ^->>U%Jfc 
1 8:38 : 4 4-C4 -Tir h^f->.X^U> : y 
✓Hfc- 2 - fc K o ^r->3i^l/ : ^ ^ ^ y ^vl/tfj 3 

5c^7Ky^— $r^Lfeo tfV-^—i&mi$8 4%X?fco 
fee y/v^S^n^ h^7 7^Hci^iiPr^ 

7 3, 8 8 8, Mn = 2 9, 9 7 3"Cfc«9, ^<D^C0^ 
«f«Tg = 74U Td=2 4 7t"e&5wt^7> 

[0 0 7 71 11^ 7: Hffim*>3Wfcfto-T\ 
0. 3 6^/U%0§^^jVa z o 5 2 SrJfll/\ */V%Jt 
3 0:3 8:3 2"C^ ^ y 31 : p« ^ y A> 

2 - fc h'p^Vxf/U : > ^ ^ y Aflfc* 5vV<£> 3 5c 
=2#y-^— Sr^bfco HX^^9 4%-Cfcofe 0 y>^ 

^n-^ h^^^>f-^J:e^fi^?*fco^m^, #y 

^5 L l/V^2i-^>'^i^ffi*ffiiT*Mw= 1 1 1 , 0 
3 9,Mn = 2 6, 8 6 6^^ ^OtOM^f 
Tg = 9 1 < t, Td = 2 4 2W5:tWofc 0 

[0 0 7 8] 8: mmmi<n^micfeox, 

0. 9 l*/\s%<Dffl%3mV a z o 5 2€rffll\ 
1 8:3 8:4 4 T*^ ^ ^ y /Hft'^iM' : ^ ^ ^ y /U 
Wt- 2 - fc Kd v^m^/v : p< ^ y /l^gM ^/KZ) 3 5c 

3 7Ky-e— Sr^ufco aKy^— «x^«9 9%-e&o 

tfy 7f i/yo^t ^Mit*Mw = 

21, 614,Mn=ll, 3 7 9tfco^ 

[0 0 7 9] 9 : mmm 1 ^^M{^o T , 

0. 9 1W/o<DTOi WB2) Srfflt\ ^-^%it 
1 8:3 8 : 4 4^^^ y 2-7x=/l/xf 
^ : > ^ * y /V®?- 2 - fc Kn *f : * * * !J 
^3 5c=3 3Ky -v-Sr^bfeo jK'J ^-ilX^(i9 8% 

Mw=2 9, 0 0 8,Mn = 1 5, 9 5 6^ot 
[0 0 8 0] 10: ^T^^WC^or, H 

liio/Kjjv-^^t^itn-f^y^ (ar 
c) *aj5fcte&»»!Lfc 0 n^jKo^y^-i. 217 

5 g, fh7^ h^r^f^U =i/p.y^ (T* V 
isT-}-^ KttSSi) 0. 2 2 5g, p- bS^^-XS^l/ 
0075g, FC-43 0 (3M*tt&) 0. 0 1 
3 5g, ^ (4- t -^f/U7x^) 3— K^-^A 

0. 0 9 6 5 g^it/^nfc'UV^y =2-/W ^y^f 
Aon— r^7^3- /l^ ( TDowano 1 PMJ , y 
>7^hJK) 4 8. 4 4 g^filtl0 0mL<7)Ii:A 
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0. l/xm£*:te0. 2//ra<Df7ny7^;^-?rI 

[0081] ii: aro^im^or, n 

lte«l<z>5Ky-r— Srffiv^rRltWita— i r>f^ (AR 

o m&t®i&mw\,it 0 xnmiotfy-*— i. 2 1 7 

5 g , fh7>h^f;^M;HJ^ (r^J^y 

S/T-*-$Ktt§0 0. 150g, ^WK^7^ 
^m&m (rcymel303j) 0. 0 7 5 g, p- 
h/Wznv^^^v^o. 0 0 7 5 g> FC-4 3 0 (3 
M*t&!) 0. 0135g.v ? (4- t-^;U7xn 

(yV^rAfl:®) 0. 0 9 6 5 g*3.£U^n l/y^y 
3— /V 7VU7Vl'=' /V ( TDowan 

o 1 PMJ % ?Vtm) 4 8. 4 4 g Sr#fiLT 1 0 

ito mMl>tz&0. UmffcliO. 2wmOx7n> 

^^^^-$rilurARCj|a^$:^iiu, ffi&tamz 

[OO8 2]HJg0«I 12: ^WWot, ^ 
t£#Jl tf>#y &ffil^TSatB*lt=i — 7-41"? (AR 
C) »ja<ft«rW«L;fco HJ£0U<Z>#y^-4. 57 1 
g, fh7^h^Wf;^!)3/v!J;i, (T^y*^ 
K*tJK) 0. 8 4 3 8 g, p-nhn-O-^Wh 
v-U— f0. 0 2 8 1 g, FC-4 3 0 (3MM) 
0. 0 4 50 g, V (4 - t -^^-}V7 z^^}V) 3— K 



ItM o. nyigfei^nfi/y^y^-^y 

^^-/V^— ryVr/Vrr— (TDowanol P 
Mj , ^**fc»[) 4 8. 4 4 g$:fPilt5 0 0mL<D 

L/c^0. ljiralfcliO. 2/im(Of7ny7^^ 
-&i§LTARC&j&<fe££iau W^JSlciAtLfco 

[0 0 8 3]3life#| 13: £*T£>¥PM^o ^ 
^Jl^^y-^-$rffiV>TStt^Jh='-X>f >^ (AR 

c> »aw*ra»ut. M6«i<o#y^-i. 3h 
g, t h7^ h^s^^v^y n/nj/u (r^y^^v 

T^S KttM) 0. 2 2 5 g, p-h/^>-^/^>^ 
0. 0 0 7 5 g . FC-430 (3 M#M) 0.013 
5 g&£XfZfv t'UlsJf}) n — ;l> ^ J * ?vloi— ^/V 
X/Vn— yv ( TD o w a n o 1 PMJ , ¥ VttM) 4 
8. 4 4 g SrflFfiLT 1 0 0 m L tfytfgtCAiV u — 7 — 
<a±K©^T23ft?£teilLfc 0 ^UiO. I/am* 
fcteO. 2wm(0f7Dy7^/^-!:ffl^tARC|& 

[0 0 8 4] 14-18: p-h^xy^v 

[0 0 8 5] 









1 4 


1 2 


0 . 1 


1 5 


1 8 


0, 1 


1 6 


1 5 


0. 3 


1 7 


1 2 


0 . 5 



18 18 

[0 0 8 6] 19-23 FC430(7)i$:t 

[0 0 8 7] 

2 1 0.8 
2 2 1.1 
2 3 2.0 



0 . 5 

a 2 : AR cm/&ft 

S3Kfl FC4 3 0 1Mifi% 

19 0.2 
2 0 0.5 
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[0088] mmm 24-25: i&8m*<D&tf& 
<nm&*£iT<n£?\ci,. mnm 1 3 t&mzm®Li,tL 

-^-0. 6 102g, 7- Y*7* h^W^vW^ ^A-y 
(T> V #>isT-r^ R*t*fc&) O. 1 1 2 5 g, p 
- b/l-^^xslsfr^mo. 0030g, FC-430 
(3MH1) 0. 006 0 g. i? (4-t-/f;W7x 

h (y*sftrJx#M) 0. 0l83gfcJ:^Dfi/y^ 

y =1— /U 7 ^ ^7l/3t— ^/UT/Vs*— /V ( fDowa 
n o 1 PMJ , ?<?ttM) 2 4. 2 5 g e :jlb©ft 

[00 8 9J ^3 : ARC $L$Mo 

2 4 8 
2 5 9 
[0 0 9 0] HWJ 2 6-3 2: ttj£ft?«>4-Jft£ 

^BiilftfiKSrffiv^TKItB&ihia^itoSrWMLfc : #y 
0. 9 7 4 g, fh7^ h^^^Wj3;wy;V 

(r> Ktfctt«) 0. isog, P -h 

;^y7/^yt0. 0 0 6 0 g, FC-4 3 0 (3M 
tfc») 0. 0 108g, V (4- \--J=f;V7 x.=z.;V) 

-r^A?±M) 0. 0 2 9 2 g&.fcrj^nfc'U^y 3 — 
yi' / J ^vioi— ^/V7;U3- ( TDowano 1 

pmj , ^njso 3 8. 8o ge rne>^«a^^4- 



^4tClB«i-^ 0 
[0 09 11 ^4: ARC» 

2 6 1 

2 7 4 

2 8 6 

2 9 7 

3 0 2 
3 1 3 
3 2 5 

[0 0 9 2] 3 3-3 5: ARCttfiW*©* 

h 

ARC|B^2 0 0mm(Z)S i frzc/N— .tic* fcfVa 
-f^V^U 0fMcOFS I 17^^— ^ (wa 

fer coating track) ^JBl^T, 
«^150<i mifi^f^«_b-C 2 15tT9 0 £^-<- 
^v^^tro/to ARCBIS:»>^— u^«3t«Wfa®W 
^ff (Wollem ellipsometer) (L 

i n c o 1 n NE) £rffiV^-C$l££rfTV\ 1 9 3 nm 

1>S : ARCW*ft/MkUiJt)R<0lft»)OSlt 
^£^/Mfci-£fc*6Kte, kOffi*0. 3 J^_k 
S*sa>S. ^t>^£L^k ^JO. 4J£JLh-?fc 

5„ ^^^60<1^5iC|5^-r^ e 
[0 0 9 3] 



£6 : 19 3 nnn?8I^LtARCM0^$^7^-^'- 



1.70 

1.73 
1.74 
1.77 



3 3 
3 4 
3 5 

[0 0 9 4] rfrfe^-^i*, Jfcfc#*k ^ftfc>*>, 
2 4 8 nmiCj3V^-C«ffli-«iW-CKW-*iXi£:<ttffl$ 
tvO> S^ffi A R £ > y ~f V— A R 2 2^ 

1 9 3 nmjc*3V^RI**Srfk/Mki-5fc«>tc:a*4xS 

:H^7- ^te^fc. m^3 0-3 2(7)k1i 
d^y -v— ^co^^^/vSU5> 

[0 0 9 5] 3 6-4 0: >-^m<D A 



0.10 



0.216 
0.295 
0.40 

ARci^3-f^y^«t t^<- * v ^x^<£> m \cm 

teu ZVUMZV&CDV y^77^- (1 i t h O g 
raphy) MMt, T 1 -^^* 

M*^t5 0 ^SSWctel^T. 3r>^<73ARCCD££ 

Bfe^i^y y^77>f- taXte, u-v^^hco^^ — yi: 
ARC^-r^ V'^a&fcE £ ^ffiJc-srffiaSMS 0 * 7J A 
(scum) , ^i^7U7 (flare) 
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i:U<Dmm<r> m a r c \z & < lti^ it *x ft * 



3 6 

3 7 

3 8 

3 9 

4 0 



[0 0 9 7] Hffiftf 3 8-4 0lt 16. 17*3 

Jfe#l3 6~3 7tt, l/^hM^)^-CARC(0^<ib 

lt*5 0, v vyjyj-MTLtmmmz 

8-40 @&#-Cttfc Lt ^ 

£ 0 ffilftftl 6-181*. h/V^V^/V^^COSI^^ 
<tf9ffilM0. 1%) H^Jl 4*3 ct tfl 5 iClt-<T\ 

^(DAKcm^mmz^ vn^&<om& (o. 3%- 

0. 5%) SrWLTtrfc. ^It LT, ARCl^t 
ic:fc»it$#ifc Lv^tf)&gteo. i%J:9;*c£< % J: 9 
»*L<t40. 3%£U:-efe£ 0 SgfeiC^b^V^S, «fc 
•9 «V ^?*<D A R CKtC*5tt 6 <fc 9 iiS 

^^ic-r^irfg C^o tot, '>#<£t>0. 3%0 

[oo9 8] mmm 41-42: ARc<D&m&m 

/i^*W5K0. 524 g, ^ (4-t-yf;W7i 



'J^^(Nanometrics) 215AF TJKWffl 
^-Sr, a^^^JS:A^5tir-^-tC6 0^ 

[0 0 9 6] 



h (DTBIPFOS) 0. 04 4 9 g^J:tf/^yy 

[5, 4, O] !)V7*-7-xy (T/UK!) 
&k 0. 004 5 g, 5/^xyh7 6 04 (S 

i 1 we t 7 6 0 4. ^fra — -IsfftM, KM) 0. 
0 0 7 5 g^l^n fc> f/l^x- yvU 

Tir^-h (^frlfcM, *H) 4 3. 5 g 

M/^ h*BfiMfe5:WjRUfc. DTBIPF 

0. 1/imifcliO. 2 m mWf7ny7^^" 
[0 0 9 9] Hi^ 41: BBifeUfcu^haric* 

V&0#M&^-/Mfc£:3 1:22:10:14:23 (Ct 

5 4 gs !J/Hfc- t-^*vH 5. 2 0g, 

^yo-^y;U4. 58g,^^^U/^4. 28g % 

y/^>r 3. 5 7 g, &£Tfi 0 0 

mL^MTK^T 1 h7k Kp 77^1:5 0 0 mL©77^ 



a6 : fLix^;^6 0»§«K<2)ARC^©^| 

1 4 4 4 

1 5 3 4 * M'J> 

16 0 * 

17 0 * 

18 0 * 
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TOJVa zo 5 2, 0. 7 5 gt5<tD5i7kWfh7t 
Kn77>2 5mLW65 <t MA*tfc 0 7 

Lfc 0 77^3^70tl:i4^F«, ^rco&^Blc 

5 £ (Buchner funnel) ^^t^LT 

^V^M^-C— ^^LfCo lRE:tt4 9. 9 6 g (6 6 
[0100] HJS^ 42: fftft Lfc U hilfif&fe 
m>7f-,v : * ? ? y /Hft- t : ^ ^ 

/Wt£ 15:10:28:10:14:2 3tCLT*#ib 

19 ^(D7^v^—^mm^ti 0 **?v^&-2, 3-^ 

h7tKD77yi80g, 2, 3 -vM^vI'- 1 

— yu-4 0 g isxrjh y 5: y4 o. 93 g 

Sr. «HW*Aix«ae«Bl«rIRf9f+ttfc5 0 0mLO77 
^^l:N2 #H^T"C A*xfc 0 rHCMUy^^ y 
/^n!JK4 0. 9 2 7 g&mimZo kfrbffiT^ 

mstwi>iz'&. m&tt¥m*m\t*xt&mfrt> j ?h7\i 

Kn77^1^U 1 OOmL^^xf/utti 

(D^f^f n— 77 "7 A (Vigreaux colum 
n) , «^#^«toq»ffl(0/h$V^^Sr«^fc«ff3iRe 

19. 8 g$r[H]i|XU/Co iHNMR^V^M^M 
[0101] HUStfJ 4 3-6 4: A R CJm^Ji^ 

uv* h<oy y^77-r-ia^^-yM 

3&J&£tl1t 1 : 1 CO 1 6 0 nmCOj&£ 16 0 nmO^ 
— HRfc-ttt^HllfrW^ 1 6 0 nm<D^r8kXm 



(ful l — thickness l ine) W-tt 

W***. ^41^^hM^29mJ/ 

WH24mJ/cm a 0«3t3S«Sr^ ©£r<D 

(FSIand SVG C o m p a n i e s ) M) CO 
±"C, 1 5 0mm*3 < i:t;2 0 0mm^;/y3y7x/N- 
©^^ILTU y^7 7^^DI§rHllfc, ±X 

/ry^75ppb^T) £ffl^*-c*Tofc« *<o& 

fco fa 6 5 nm<D&^&^^Z£ 5\zm$i£frtc&mte 
\£\fcT&&XARCtig&x¥ ya- h U 2 1 5tT^<- 
^ry^Lt y* V^J^YZmZ, OOOrpm-C^ 
^N-_h(- ^ Ifyn- h #f&ftfe5£ 15 0/x maff&AO 
iSMK (proximity — gap plate) £>_b 

■c^-*^**?^ (mm&mit (pab) ) , 

ll3itC^jfli^*pUT4 t 2 0 O^-V^^ hn— act>J^ 
JP&Wt. &V*"er.0>Kfc:, GCA0. 6 0NA Ar 
F (19 3nm) p^s^^y" y /<—<D±X\ Uft=i t 
-yy^ (coherence) ^^0. 7 OKT. fl? 

tc> ^OKSr^ttA 150^ m5ttS5J&Dlft«<D±-e^- 

*^trfr^ mmkmt (peb) ) , ^ofHueic 

0&i/>y/i"< KA^CXS (60 second tr 
ack— single— puddle proces 

s) {zxi:m%l&<D0. 2 6Nfh7^f/yry^!> 

[0 10 2] m7 : ARCiOW^ h^^coy V 

Re sLIiEsHiottS^M^to PABifc^tfP 
EBfcTCcDltMflrC, -t L"C R e s Li^nmCO^T^ 
-To DUV- 1 8 J ttjffi3R«JJCffiffi$JxtV^ARC*l 

y#ico^ y ^ -^-r^^^^t (Brew 

er Sciences Incorporated) 
^ibmiS^ixT^Os AR2B:'7ffa-ts'yW©^ 
y^y- $fc (Ship 1 ey Company) 7)*krfi 

[0 1 0 3 J 
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[0 10 4] 





ARC 




P AB 


PEB 


Re s L 




44-JtR 


DUY18J 


41 


140 


155 


>160 




45-it« 


AR2 


41 


140 


155 


H/A 




46 


10 


41 


140 


155 


150 




47 


11 


41 


140 


155 


150 


x v 


48 


12 


41 


140 


155 


150 




49 


13 


42 


140 


150 


140 




50 


16 


41 


140 


155 


150 




51 


19 


41 


140 


155 


150 




52 


20 


41 


140 


155 


160 




53 


21 


41 


140 

mi 


155 


150 


xy 


54 


22 


41 


140 


155 


150 




55 


23 


41 


140 


155 


150 




56-J±& 


24 


41 


140 


155 


160 




57-tfc& 


25 


41 


140 


155 


155 




58 


26 


41 


140 


155 


150 


x^&££*? 


59 


27 


41 


140 


165 


150 


x-a,5?«SA» 



[0105] H; 



60 
61 
62 
63 
64 



28 
29 
30 
31 



41 
41 
41 
41 
41 



117 — 32 co4^ 

X ^UARCW^46-49, 
5 3*3jCtf5 8-6 lCDft?&te*, ^ARCWT 
&5DUV- 1 8 J:io£tfAR2cDft?&&£±[H]oT^ 
§ 0 ARClB^4 6- 4 9, 5 3:fcJ:tf5 8-6 ICO 

0otV^o mt4 6- 4 9, 5 3*5«kU<5 8-6 1 

(D&titc&tfen^tc, 7$y-?— mt 
m&m mmm5 6^\f^^^^v^my^ 

~A^>MWft 5 7 K*5tt S^^^y /Vg^^A-) CO 
IBJjcr/V^r/i^^E^U— "7 (alkyl spacer 

group) mmzm^^m&n&mmbtiz 



140 
140 
140 
140 
140 



155 
155 
155 
155 



150 
150 
150 
150 



xy 

xy 5?«?Sff 



155 „ ,150„^ . 

[0106] mmm e 5 : mmm<o^^ v 

hCO tMWl&mi ("swing curv 

e") *McNt-r&z.b* i/^holfiJ 
h&mt&Wi 3<darc<d±xv yy^y^—tfj^mx 

^DXbfco fcfcL0W<h UARC^8 2. 5mm 
[C£ V l/'^ h^CO^!^$:4 0 0 nm^6 5 0 0 n miC 

(E Q ) SriBI^Lfco ^cox-^^Tieco^8(c^-r o 

[0107] 



^ 8 : n$j ufc h <Dmytm&. e 0 at n^ey 130 



h^J¥ (nm) 
4 0 2 



mytmm. e 0 (mj/cm,>) 

7. 8 
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4 12 
4 2 3 
4 2 9 
4 6 3 
4 7 1 
4 9 2 

[0108] nmztiitE 0 <D&mz&ftz&-*:<D&m 

Ml*. 8. 0-7. 5 = 0. 5mJ/cm 2 tfc5o - 



7. 7 
7. 5 

7. 5 

8. 0 
7. 9 
7. 8 

[0109] ^^orft*-eofaa^m{c^n$r^ 



(71) A 596156668 

455 Forest Street, Ma 
rlborough, MA 01752 U. 
S. A 

U ^^^01775^1^^rt— fey^jfl 
* h £ K • A' hV' n — K 

102 

7> y^7^@01801-^-^^aL— kyyw 
#*->^- > T • n — K 9 



(72)%^# -m^oi/l^- K^df-^Vh 

U^^H02072^^^^l— tyyjtl 

59 

7^ U #-&#Ul01452^1f^ — tryyffl 
K^hv ^=xfc°— • K^-f:/ 

75 

(72)%^# fc*-*- • h u:7*^-* • 17— K 

7^ y^^mS02053^-^^^-irs/y'J«N 
*Y*?x.>{ f-^— t/V- n— K 40 
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1 . Title of Invention 

Antireflective Coating Compositions 

2. Claims 

1. A method for forming a photoresist relief image comprising: 

(a) applying on a substrate a layer of an antireflective composition that 
comprises a resin binder that has phenyl groups; 

(b) curing the antireflective composition layer, 

(c) applying a layer of a photoresist composition over the antireflective 
composition layer, 

(d) exposing the photoresist layer to activating radiation and developing the 
exposed photoresist layer. 

2. The method of claim 1 wherein the photoresist layer is exposed with 
activating radiation having a wavelength of below about 200 ran. 

3 . • The method of claim 1 wherein the photoresist layer is exposed with 
activating radiation having a wavelength of about, 193 ran. 

4. The method of claim 1 wherein the phenyl groups are direcdy p end a nt 
from the resin backbone of the antireflective composition resin. 

5. The method of claim I wherein the phenyl groups are pendant from the 
antireflective composition resin backbone and do not have any alkyl units interposed 
between the resin backbone and phenyl groups. 
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6. The method of claim 1 wherein the resin of the anrireflective 
composition comprises units of the following Formula I: 




where W is a chemical bond, an alky I linkage, or an ester linkage; 

each R* is hydrogen* optionally substituted alkyl, optionally substituted alkoxy, 
ester, optionally substituted alkanoyi, optionally substituted carbocyclic aryl, or 
optionally substituted araQcyU 

m is an integer of from 0 to 5; and 

each Z is independently a bridge group between polymer units. 

7. The method of claim 1 wherein the resin of the anrireflective 
composition comprises units of the following Formula IA: 



where W is a chemical bond or an ester linkage; 

each R* is hydrogen, optionally substituted alkyl, optionally substituted alkoxy, 
ester, optionally substituted alkanoyl, optionally substituted carbocyclic aryl, or 




fj^-C*') 



optionally substituted aralkyl; 

m is an integer of from 0 to 5; and 

each Z is independently a bridge group between polymer units. 
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8. The method of claim 1 where in the antireflective composition resin is 
an acryiate resin. 

9. The method of claim I wherein the resin of the antireflective 
composition comprises units of the following Formula II: 

*fH- — f a 

where W is a chemical bond, an alkyl linkage, or an ester linkage; 

each R* is hydrogen, optionally substituted alky I, optionally substituted alkoxy, 
ester, optionally substituted alkanoyl, optionally substituted carbocyclic aryl, or 
optionally substituted aralkyl; 

R 2 is optionally substituted aikyl or optionally substituted carbocyclic aryl; 

each Y is independently hydrogen or optionally substituted alkyl; and 

x and y are mole percents of the respective units in the resin. 

10. The method of claim 9 wherein the R- contains a hydroxy group. 

11. The method of claim 1 wherein the resin of the antireflective 
composition comprises units of the following Formula IE: 



3 

in 




where Wis a chemical bond, an alkyl linkage, or an ester linkag e; 

each R' is hydrogen, optionally substituted alkyl, optionally substituted alkoxy, 
ester, optionally substituted alkanoyl, optionally substituted carbocyclic aryl, or 
optionally substituted aralkyl; 
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R- and R 3 are each different and independently optionally substituted aikyl or 
optionally substituted carbocyclic aryl; 

each Y is independently hydrogen or optionally substituted C,^ alkyl; and 
x t y and z are mole percents of the respective units in the resin. 

12. The method of claim 1 1 wherein at least one of the R : or R 3 substituent 
has a hydroxy group. 

1 3 . The method of claim 1 wherein the antireflective composition comprises 
a thermal acid generator compound. 

14. The method of claim I wherein the antireflective composition is 
thermally cured prior to applying the photoresist composition layer. 

15. The method of claim 1 wherein the antireflective composition comprises 
a photo acid generator, and the photoacid generator is not substantially activated until 
the exposing of the photoresist composition layer. 

16. The method of claim 1 wherein the antireflective composition comprises 
a crosslinker material. 

17. The method of claim 1 wherein the photoresist composition is a 
chemically amplified positive-acting photoresist. 

18. A method for forming a photoresist relief image comprising: 

(a) applying on a substrate a layer of an antireflective composition that 
comprises a resin binder that has phenyl groups; 

(b) applying a layer of a photoresist composition over the antireflective 
composition layer; 

(c) exposing the photoresist layer to activating radiation and developing the 
exposed photoresist layer. 
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1 9. The method of claim 1 8 wherein the photoresist layer is exposed with 
activating radiation having a wavelength of below about 200 nm. 



20. The method of claim 18 wherein the phenyl groups are directly pendant 
from the resin backbone of the antireflective composition resin. 

21. A coated substrate comprising: 
a coated substrate having thereon 

1) a coating layer of an antireflective composition that comprises a resin 
that has phenyl groups; and 

2) a coating layer of a photoresist over the antireflective composition layer. 

22. A bottom-layer antireflective composition for use with imaging an 
overrated photoresist at sub-200 nm wavelengths, comprising a resin that has phenyl 
groups. 
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3. Detailed Description of Invention 

BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

The present invention relates to compositions that reduce reflection of exposing 
radiation from a substrate back into an overcoated photoresist layer. More particularly, 
the invention relates to anhrefkenvc coating compositions ("ARCs") that contain a 
resin binder components that effectively absorbs short-wavelength exposure radiation, 
including sub-200 nm radiation such as 193 nm radiation. 

2. Background 

Photoresists are photosensitive films used for transfer of an image to a 
substrate. A coating layer of a photoresist is formed on a substrate and the photoresist 
layer is then exposed through a photomask to a source of activating radiation. The 
photomask has areas that are opaque to activating radiation and other areas that are 
transparent to activating radiation. Exposure to activating radiation provides a 
photoinduced chemical transformation of the photoresist coating to thereby transfer the 
pattern of the photomask to the photoresist coated substrate. Following exposure, the 
photoresist is developed to provide a relief image that permits selective processing of a 
substrate. 

A photoresist can be either positive-acting or negative-acting. For most 
negative-acting photoresists, those coating layer portions that are exposed to activating 
radiation polymerize or crosslink in a reaction between a photoactive compound and 
polymerizable reagents of the photoresist composition. Consequently, the exposed 
coating portions are rendered less soluble in a developer solution than unexposed 
portions. For a positive-acting photoresist, exposed portions are rendered more soluble 
in a developer solution while areas not exposed remain comparatively less developer 
soluble. Photoresist compositions are known to the art and described by Deforest, 
Photoresist Materials and Processes, McGraw Hill Book Company, New York, ch. 2, 
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1975 and by Moreay, Semiconductor Lithography, Principles, Practices and Materials ; 
Plenum Press, New York, ch. 2 and 4, both incorporated herein by reference for their 
teaching of photoresist compositions and methods of making and using the same. 

A major use of photoresists is in semiconductor manufacture where an object is 
to convert a highly polished semiconductor slice, such as silicon or gallium arsenide, 
into a complex matrix of electron conducting paths, preferably of micron or submicron 
geometry, that perform circuit functions. Proper photoresist processing is a key to 
attaining this object. While there is a strong interdependency among the various 
photoresist processing steps, exposure is believed to be one of the more important steps 
in attaining high resolution photoresist images. 

Reflection of activating radiation used to expose a photoresist often poses limits 
on resolution of the image patterned in the photoresist layer. Reflection of radiation 
from the substrate/photoresist interface can produce variations in the radiation intensity 
in the photoresist during exposure, resulting in non-uniform photoresist linewidth upon 
development Radiation also can scatter from the substrate/photoresist interface into 
regions of the photoresist where exposure is not intended, again resulting in linewidth 
variations. The amount of scattering and reflection will typically vary from region to 
region, resulting in further linewidth non-uniformity. Variations in substrate 
topography also give rise to resolution-bmiting reflection problems. 

With recent trends towards high-density semiconductor devices, there is a 
movement in the industry to shorten the wavelength of exposure sources to deep 
ultraviolet (DUV) light (300 nm or less in wavelength), KrF exciraer laser light (248.4 
nm), ArF excimer laser light (193 nm), electron beams and soft x-rays. The use of 
shortened wavelengths of light for imaging a photoresist coating has generally resulted 
in increased reflection from the upper resist surface as well as the surface of the 
underlying substrate. Thus, the use of the shorter wavelengths has exacerbated the 
problems of reflection from a substrate surface. 
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Another approach used to reduce the problem of reflected radiation has been the 
use of a radiation absorbing layer interposed between the substrate surface and the 
photoresist coating layer. See, for example, PCT Application WO 90/03598, EPO 
Application No. 0 639 941 Al and U.S. Patent Nos. 4,910,122, 4,370,405 and 
4,362,809, all incorporated herein by reference for their teaching of antireflective 
(antihalation) compositions and the use of the same. Such layers have also been 
referred to in the literature as antireflective layers or ARCs (antireflective 
compositions). 

In Shipley Company's European Applications 542008A1 and 0813 1 14A2 
highly useful antihalation (antireflective) compositions are disclosed. 

While it has been found that prior ARC compositions may be effective for 
many antireflective applications, prior compositions also may pose some potential 
performance limitations, particularly when used at short wavelength imaging 
applications. 

It thus would be desirable to have new antireflective coating compositions. It 
would be particularly desirable to have new antireflective coating compositions mat 
effectively absorb undesired reflections of short wavelength radiation, including sub- 
200 nm radiation such as 193 nm. 

SUMMARY OF THE INVENTION 

The present invention provides new light absorbing compositions suitable for 
use as an antireflective coating composition ("ARC'*), particularly for short wavelength 
imaging applications, such as 193 nm imaging. The ARCs of the invention in general 
comprise a resin binder mat effectively absorbs short wavelength exposure radiation to 
reduce reflections of same, and optionally comprise a crosslinker component. 
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Preferred resin binders of ARCs of the invention contain phenyl units, 
preferably pendant from a polymer backbone. 

Particularly preferred ARC resin binders of the invention do not have any alky! 
(e.g. optionally substituted (-CH2^ where n is 1 to about 6 or 8) units interposed 
between the polymer backbone and a pendant phenyl group. For example, preferred 
pendant groups include those provided by polymerization of optionally substituted 
styrene, optionally substituted isopropenyl styrene, optionally substituted phenyl 
acrylate, and optionally substituted phenyl methacrylate. As referred to herein, 
references to a phenyl group being "directly pendant" from a polymer backbone 
indicate that no alkyl or other groups are interposed between the polymer backbone and 
the phenyl group, such as provided by condensation of optionally substituted styrene or 
isopropenyl styrene units. 

Nevertheless, while less preferred, the invention also includes ARCs having 
resin binders that have pendant phenyl groups where an alkyl (e.g. optionally 
substituted (-CH2-), where n is 1 to about 6 or 8) iinkage is interposed between the 
backbone and the phenyl group, e.g. as may be provided by polymerization of 2- 
phenyM -ethyl methacrylate and the like. 

The anttrefiective composition resin binder with phenyl chromophore moieties 
suitably is a copolymer and is prepared by polymerizing two or more different 
monomers where at least one of the monomers includes a phenyl chromophore group. 
For example, preferred additional ARC resin units include those provided by 
polymerization of acrylate monomers, e.g. hydroxy acrylates such as 2- 
hydroxyethylmethacrylate, 2-hydroxyethyIacrylate and the like; C Mi acrylates such as 
methylmethacrylate, methylacrylate, butylmethacrylate, butylacrylate and the like. 
Acrylate resins that contain phenyl chromophore units are generally preferred for use in 
ARCs of the invention. For crosslinking ARCs of the invention, preferably the ARC 
resin has a hydroxy or other reactive moiety for promoting a curing reaction. 
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The invention further provides methods for forming a relief image and novel 
articles of manufacture comprising substrates coated with an ARC composition of the 
invention alone or in combination with a photoresist composition. Other aspects of t he 
invention are disclosed infra. 

DETAILED DESCRIPTION OF THE INVENTION 

The resin binder component of the antireflective compositions of the invention 
are preferably used with short wavelength imaging systems and will effectively absorb 
sub-200 run reflections, particularly 193 nm reflections. 

In particular, preferred ARC resin binders of the invention have pendant phenyl 
groups For example, preferred resins have phenyl units of the following Formula I: 

CO 

where W is a chemical bond, an alkyl linkage e.g. optionally substituted 
(-CHj-X, where n is from 1 to about 6 or 8), or an ester linkage (i.e. (C=0)0); 

each R' hydrogen or a non-hydrogen substituent such as halogen (F, CI, Br or 
I); optionally substituted alkyl preferably having 1 to about 8 carbon atoms; optionally 
substituted alkoxy preferably having 1 to about 8 carbon atoms; optionally substituted 
ester such as -C(=0)OZ where Z is C M optionally substituted alkyl; optionally 
substituted aikanoyl such as C M alkanoyl e.g. acyl and the like; optionally substituted 
carbocyclic aryl particularly phenyl; optionally substituted aralkyl particularly benzyl (- 
CHXjH,); and the like; 

m is an integer of from 0 (where the pendent phenyl group is fully hydrogen 
substituted) to 5; and 
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Where W * is a chemical bond or an ester r „ 
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each Y is independently hydrogen or optionally substituted C w alky I, and 
preferably each Y is independently hydrogen or methyl; and 

x and y axe mole perccnts of the respective units in the polymer, and preferably 
x is from about 5 percent to about 80 or 90 percent, more preferably is from about 10 o: 
15 percent to about 50 or 70 percent, and still more preferably x is from about 20 to 
about 50 percent, with the balance of the polymer being comprised of units containing 
R 1 groups, or other units. 

Terpolymers and other higher copolymers are especially preferred, such as 
acrylate copolymers that comprise units represented by the following Formula HI: 




wherein W, each R' and m are the same as defined above n Formula I; 

wherein R 2 and R 3 are each different and are independently selected from the 
same group as defined above for R : in Formula II, 

each Y is independently hydrogen or optionally substituted C M aikyl, and 
preferably each Y is independently hydrogen or methyl; and 

x, yandz are mole perccnts of the respective units in the polymer, and 
preferably x is from about 5 percent to about 80 or 90 percent, more preferably is from 
about 10 or 15 percent to about 60 or 70 percent, and still more preferably x is from 
about 20 to about 50 percent, with me balance of the polymer being comprised of units 
containing R" and R 3 groups, or other units. 

Preferred Rr and R J of the above formulae include hydroxy-substituted aikyl 
groups, particularly C,^ hydroxyalkyl such as 2-hydroxyethyi and hydroxypropyl; 
alicyclic C M aikyl such as provided by condensation of methyl methacryiate, methyl 
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aciylate, ethyl methacrylate, ethyl acrylate, faexyl methacrylare, hexyl acrylate; and 
cyclic alkyl groups suitably having from 3 to about 20 carbons such as cyclohexyl, 
adamantyl, isobornyl and the like that may be provided by condensation of the 
corresponding acrylates and methacrylates. 

As indicated above, ARC resins also may have other units such as pendant 
cyano and itaconic anhydride groups. Preferably, the itaconic anhydride moiety will be 
directly pendant to the polymer backbone, i.e. the moiety is directly pendant to a 
polymer bridge group without any alkylene, aryl or other group interposed between the 
polymer bridge group and the itaconic anhydride group. While the cyano group is 
preferably directly pendant to the polymer backbone (via condensation of acrylonitrile 
or the like), a linker group also may be interposed between the cyano group and a 
polymer bridge group. 

As discussed herein, various moieties of an ARC resin or other ARC or resist 
components may be optionally substituted. A "substituted" substituent may be 
substituted at one or more available positions, typically 1. 2, or 3 positions by one or 
more suitable groups such as e.g. halogen (particularly F, CI or Br); cyano; C ( . 8 alkyl; 
C,^ alkoxy; C 2 . 8 alkenyi; C„ alkynyl; hydroxyl; alkanoyl such as a alkanoyl e.g. 
acyl and the like; etc. 

Particularly preferred polymers for use in ARCs of the invention include 
terpolymers of Formula HI above where the mole percent on phenyl units (i.e. the value 
x in Formula III) is from 10 to about 60 percent, more preferably from about 10 or 15 
percent to about 40 or 50 percent; R : is optionally substituted alkyl particularly C M 
hydroxy alkyl such as 2-hydroxyethyl, and the mole percent of ester units having R- 
groups (i.e. the value y in Formula HI) is from about 1 to 50 or 60 mole percent, more 
preferably about 10 to 40 or 50 moie percent; and R 3 is unsubstituted alkyl such as C,^ 
alicyclic alkyl, e.g. methyl, ethyl, etc., or a cyclic alkyl group and , and the mole 
percent of ester units having R 3 groups (i.e. the value z in Formula DI) is from about 10 
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to 60 or 70 mole percent, more preferably about 20 or 30 percent to 40 or 50 mole 
percent; and each Y is independently hydrogen or methyl. See the examples which 
follow for specifically preferred ARC resins. 

ARC resin binders of the invention are preferably synthesized by polymerizing 
monomers that are the same, or preferably where the monomers differ to provide a 
copolymer. At least one type of polymerized monomer contains a phenyl group. A 
free radical polymerization is suitably employed, e.g., by reaction of monomers to 
provide the various units in the presence of a radical initiator preferably under an inert 
atmosphere (e.g., N 2 or argon) and at elevated temperatures such as about 70°C or 
greater, although reaction temperatures may vary depending on the reactivity of the 
particular reagents employed and the boiling point of the reaction solvent (if a solvent 
is employed). See the examples which follow for exemplary reaction conditions. 
Suitable reaction temperatures for any particular system can be readily determined 
empirically by those skilled in the art based on the present disclosure. A reaction 
solvent may be employed if desired. Suitable solvents include alcohols such as 
tetrahydrofuran, propanols and butanols and aromatic solvents such as benzene, 
chlorobenzene, toluene and xylene. Dimethylsulfoxide and dimethylformamide also 
can be suitable. The polymerization reaction also may be run neat. A variety of free 
radical initiators may be employed to prepare the copolymers of the invention. For 
example, azo compounds may be employed such as Vazo 52 (DuPont), azo-bis-2^'- 
isobutyronitrile (AIBN) and 1,1-azobis (cyclohexanecarbonitrile). Peroxides, 
peresters, peracids and persulfates also can be employed. 

Preferably the ARC resin binder will have a weight average molecular weight 
(Mw) of about 1,000 to about 10,000,000 daltons, more typically about 5,000 to about 
1,000,000 daltons, and a molecular number molecular weight (Mn) of about 500 to 
about 1 ,000,000 daltons. Molecular weights (either Mw or Mn) of the polymers of the 
invention are suitably determined by gel permeation cinematography. 
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Resin binders of the invention preferably exhibit good absorbance at short 
wavelengths such as below 200 nra, particularly 193 ran. More specifically, preferred 
resin binders of the invention have optical densities of at least about 3 absorbance units 
per micron (Absorb, units/u) at about 193 run, preferably from about 5 to 20 or more 
absorbance units per micron at 193 nra, more preferably from about 8 to 16 or more 
absorbance units per micron at 193 nm. Higher absorbance values for a particular resin 
can be obtained by increasing the percentage of chromophore units on the resin. 

The antirefketive compositions of the invention also may contain resins that do 
not include phenyl chromophore units as a co-resin present with resins having phenyl 
chromophore units. 

The concentration of the resin binder component of the anrirefleciivc 
compositions of the invention may vary within relatively broad ranges, and in general 
the resin binder is employed in a concentration of from about 50 to 95 weight percent 
of the total of the dry components of the ARC, more typically from about 60 to 90 
weight percent of the total dry components (all components except solvent carrier). 

Crosslinking-type ARCs of the invention also contain a cross linker component 
or material. A variety of crosslinkers may be employed, including those ARC 
crosslinkers disclosed in the above-mentioned Shipley European Application 542008. 

Low basicity crosslinkers are particularly preferred such as a methoxy 
methylated glycouriL A specifically preferred cross linker is a methoxy methylated 
glycouril corresponding to the following structure IV: 
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This mcthoxy methylated glycouril can be prepared by known procedures. The 
compound is also commercially available under the tradename of Powderiink 1 174 
from the American Cyanamid Co. 

Other suitable low basicity crosslinkers include hydroxy compounds, 
particularly poly functional compounds such as phenyl or other aromatics having one or 
more hydroxy or hydroxy alkyl substituents such as a C,.g hydroxyaikyl substituents. 
Phenol compounds are generally preferred such as di-methanorphenol 
(CcH^CHjOH^OH) and other compounds having adjacent (within 1-2 ring atoms) 
hydroxy and hydroxyaikyl substitution, particularly phenyl or other aromatic 
compounds having one or more methanol or other hydro xylalkyl ring substitucnt and at 
least one hydroxy adjacent such hydroxyaikyl substituent. 

Crosslinking antireflective compositions of the invention preferably further 
comprise an acid or acid generator compound for catalyzing or promoting reaction of 
the glycouril compound during curing of an ARC coating layer. Preferably an acid 
generator compound is employed that liberates acid upon photolysis or thermal 
treatment Preferably the acid generator is a thermal acid generator is employed, i.e. a 
compound that generates acid upon thermal treatment A variety of known thermal 
acid generators are suitably employed such as e.g. 2,4,4,6-tetrabromocyclohexadienone, 
benzoin tosylate, nitrobenzyl tosylate particularly 4-nitrobenzyl tosylate, and other 
alkyl esters of organic sulfonic acids. Compounds that generate a sulfonic acid upon 
activation are generally suitable. Typically a thermal acid generator is present in an 
antireflective composition in concentration of from about 0.5 to 15 percent by weight 
of the total of the dry components of the composition, more preferably about 2 percent 
by weight of the total dry components. Instead of or in addition to a thermal acid 
generator, a photoacid generator may be employed as an acid generator, and the ARC 
coating layer blanket exposed to activating radiation prior to application of an 
overcoated photoresist composition. 
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Also, rather than an acid generator, an acid may be simply formulated into a 
crosslinking ARC of the invention, particularly for ARCs that require heating to cure in 
the presence of acid so that the acid does not promote undesired reaction of 
composition components prior to use of the ARC. Suitable acids include e.g. strong 
acids such as sulfonic acids such as toluene sulfonic acid and sulfonic acid, triflic acid, 
or mixtures of those materials. 

The present invention also includes antireflective compositions that do not 
undergo significant cross-linking during intended use with a photoresist composition 
Such non-crosslinking antireflective compositions need not include a cross linker 
component or an acid or thermal acid generator for inducing or promoting a 
crosslinking reaction In other words, such non-crosslinking antireflective 
compositions typically will be essentially free (i.e. less than about 1 or 2 weight 
percent) or completely free of a crosslinker component and/or acid source for 
promoting a crosslinking reaction 

Antireflective compositions of the invention preferably also comprise one or 
more photoacid generators (i.e. 'TAG") that are suitably employed in an amount 
sufficient to inhibit or substantially prevent undesired notching or footing of an 
overcoated photoresist layer. In this aspect of the invention, the photoacid generator is 
not used as an acid source for promoting a crosslinking reaction, and thus preferably 
the photoacid generator is not substantially activated during crosslinking of the 
antireflective composition (in the case of a crosslinking ARC). In particular, with 
respect to antireflective compositions that are thermally crosslinked, the antireflective 
composition PAG should be substantially stable to the conditions of the crosslinking 
reaction so that the PAG can be activated and generate acid during subsequent exposure 
of an overcoated resist layer. Specifically, preferred PAGs do not substantially 
decompose or otherwise degrade upon exposure of temperatures of from about 140 or 
150 to 190°C for 5 to 30 or more minutes. 



Generally preferred photoacid generators for such use'in ARCs of the invention 
include eg. onium salts such as di<4-tert-butylpheny0iodonium perfluoroctane 
sulphonate, halogenated non-ionic photoacid generators such as I, l-bis[p- 
chloropheny!]-2^.tricWoroethane, and other photoacid generators disclosed herein 
for use in photoresist compositions. For at least some antireflective compositions of 
the invention, antireflective composition photoacid generators will be preferred that can 
act as surfactants and congregate near the upper portion of the antireflective 
composition layer proximate to the antireflective composition/resist coating layers 
interface. Thus, for example, such preferred PAGs may include extended aliphatic 
groups, eg. substituted or unsubstituted alkyl or alicyclic groups having 4 or more 
carbons, preferably 6 to 15 or more carbons, or fluorinated groups such as C M jalkyl or 
C^alkenyl having one or preferably two or more fluoro substitucnts. 

Particularly preferred antireflective composition photoacid generators of the 
invention can be activated upon exposure to sub-200 nm radiation, particularly about 
193 nm, so that the antireflective composition can be effectively used with overcoated 
photoresists that are imaged at 193 nm. Suitably the photoacid generator of the 
antireflective composition and the photoacid generator of the photoresist composition 
will be activated at the same exposure wavelength. Sensitizer materials formulated into 
the photoresist composition and/or antireflective compositions also can be used to 
ensure that a single exposure wavelength will activate the photoacid generators of both 
the antireflective and photoresist compositions. 

It is further preferred that an antireflective composition of the invention is used 
together with a photoresist composition where the antireflective composition 
photoactive compound and photoresist photoactive compound generate the same or 
approximately the same acid compound (photoproduct) upon exposure to activating 
radiation during irradiation of the photoresist layer, i.e. photoproducts that preferably 
have similar diffusion characteristics and similar acid strengths. It has been found that 
resolution of an overcoated resist relief image is even further enhanced with such 
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matching of the respective antircflective composition and resist photoacid products. 
References herein to "substantially the same" antireflective composition and resist 
photoacid products means that those two photoproducts differ no more than no about 2 
or 2.5 in pK, values (measured at 25°C), preferably the two photoproducts differ no 
more than about 1 or 1.5 in pK, values, and still further preferably the two 
photoproducts differ no more than about 0.75 in pK, values. It is further preferred that 
such "substantially the same" antireflective composition and resist photoacid products 
differ in molecular weight by no more than about 40 percent, preferably by no more 
than about 20 percent, still more preferably by no more than about 15 percent It is still 
further preferred that the antireflective composition and resist photoproducts are each 
of the same class of acids, e.g. that both photo products are sulfonate acids or both are 
halo-acids such as HBr and the like. Suitable amounts of the PAG can vary rather 
widely and can be readily determined empirically. In general, the one or more PAGs of 
an antireflective composition of the invention may be suitably employed in amounts of 
about 0.25 to 5 weight percent or less based on total weight of the antireflective 
composition. See the examples which follow for exemplary amounts. Particularly 
preferred amounts of a PAG of an antireflective composition also may vary depending 
on the characteristics and processing conditions of the photoresist that is used with the 
antireflective composition. For instance, if the photoresist photoacid generator 
produces a relatively strong acid photoproduct whereby the photoresist is post-exposure 
baked (PEB) at relatively low temperatures, then the photoacid product of the 
antireflective composition will be less likely to thermally decompose at such low PEB 
temperatures, resulting in a relatively higher effective concentration of acid in the 
antireflective composition. Accordingly, that antireflective composition can be 
effectively formulated with a relatively lower concentration of photoacid generator. 
Conversely, if a photoresist is used that is post-exposure baked at relatively high 
temperatures, then a portion of the photoacid product of the antireflective composition 
may be more likely to be thermally decomposed. In such case, die antireflective 
composition may be formulated with a relatively higher concentration of photoacid 
generator to ensure an effective concentration of photogenerated acid and maximum 
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reductions of undesired footing. 

Antireflective compositions of tbe invention also may contain additional dye 
compounds that absorb radiation used to expose an overcoated photoresist layer. Other 
optional additives include surface leveling agents, for example, the leveling agent 
available under the tradename Silwet 7604 from Union Carbide, or the surfactant FC 
430 available from the 3M Company. Such of such surfactants /surface leveling agents 
is preferred. Preferred surfactant is concentration between 0.5 to 1.5% of solids, more 
preferably between about 0.7-1.0 % of solids. See Examples 51-55 which follow. 

To make a liquid coating composition, the components of the antireflecti ve 
composition are dissolved in a suitable solvent such as, for example, ethyl lactate or 
one or more of the glycol ethers such as 2-methoxyethyi ether (diglyme), ethylene 
glycol monomethyl ether, and propylene glycol monomethyl ether, solvents that have 
both ether and hydroxy moieties such as methoxy butanol, ethoxy butanol, methoxy 
propanol and ethoxy propanol; esters such as methyl cellosolve acetate, ethyl cellosolve 
acetate, propylene glycol monomethyl ether acetate, dipropylene glycol monomethyl 
ether acetate and other solvents such as dibasic esters, propylene carbonate and gamma- 
butyro lactone. The concentration of the dry components in the solvent will depend on 
several factors such as the method of application. In general, the solids content of an 
anureflective composition varies from about 0.5 to 20 weight percent of the total 
weight of the antireflective composition, preferably the solids content varies from about 
2 to 10 weight percent of the total weight of the antircflcctive composition. 

A variety of photoresist compositions can be employed with the antireflective 
compositions of the invention, including positive-acting and negative-acting photoacid- 
generating compositions. Preferably, ARCs of the invention are used with chemically 
amplified positive-acting resist compositions. Photoresists for use with ARCs of the 
invention in general contain a resin binder and a photoactive component. 
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Preferred photoresists for use with the ARCs of the invention are designed for 
imaging at sub-nra 200 nm wavelengths particularly 193 mil Preferred resist 
compositions for use with ARCs of the invention have been disclosed in copending and 
commonly assigned application serial number 09/143,46*2, filed on August 28, 1998. 
In particular, preferred resist resin binders for use with the ARCs of the invention have 
pendant photo acid-labile ester repeat units that contain a non-cyclic or single ring alkyl 
group having 5 or more carbons and two or more secondary or tertiary carbon radicals, 
such as pendant esters of the following structures 1 through H and wherein the 
depicted substituent V is preferably hydrogen or methyl, more preferably methyl 



X 
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Polymers for as a resist resin binder component also may have other units such 
as pendant cyano and itaconic anhydride groups. Preferably, the itaconic anhydride 
moiety will be directly pendant to the polymer backbone, i.e. the moiety is directly 
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pendant to a polymer bridge group without any alkyicne, aryl or other group interposed 
between the polymer bridge group and the itaconic anhydride group. While the cyano 
group is preferably directly pendant to the polymer backbone, a linker group also may 
be interposed between the cyano group and a polymer bridge group. 

Polymers used as resin binders of resists of the invention optionally may 
contain still further units such as groups that contribute to aqueous developability of a 
photoresist. For example, preferred polymer groups that contribute to aqueous 
developability contain carboxy or hydroxy moieties such as may be provided by 
condensation of acrylic acid, mcthacrylic acid, 2-hydroxyethyImethacrylate, or other 
monomers. Other optional polymer units include those that may be provided by 
condensation of a vinyl alicyclic group, e.g. 2-adamantyl-2-methyl methacrylate, 
isobornyl methac aery late and the like, or a non-cyclic alkyl group such as t- 
butyhnethacrylate and the like. Generally preferred acid labile polymers for use in 
chemically-amplified photoresists of the invention have one or more polymerized units 
of monomers of isobornyl methacrylate, methacrylonitrile, itaconic anhydride, 
methacrylic acid, tert-butyl methacrylate, 2-methyl-2adamntyl methacrylate or 2,3- 
dimethy 1-2 -butyl-methacry late. 

Suitable photoacid generator compounds of resists used with ARCs of the 
invention include the onium salts, such as those disclosed in U.S. Patent Nos. 
4,442,197, 4,603,101, and 4,624,912, each incorporated herein by reference; and non- 
ionic organic photoactive compounds such as the halogenated photoactive compounds 
as in U.S. Patent 5,128,232 to Thackeray et al. and sulfonate photoacid generators 
including sulfonated esters and sulfonyloxy ketones. See J! of Photopolymer Science 
and Technology, 4(3):337-340 (1991), for disclosure of suitable sulfonate PAGS, 
including benzoin tosylate, t-butylphehyl alpha-(p-toluenesulfonyloxy)-acetate and t- 
butyl alpha-(p-toluenesulfonyloxy)-acetate. Preferred sulfonate PAGs are also 
disclosed in U.S. Patent 5,344,742 to Sinta et al. 
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Preferred PAGs for photoresists used with ARCs of the invention include 
unido sulfonates such as compounds of the following formula: 




o 



wherein R is camphor, adamantane, alkyl (e.g. C M2 alkyl) and perfluoroalkyl such as 
per£luoro(C,. I2 aIkyl), particularly perfluorooctancsulfonate, perfluorononanesulfonate 
and the like. A specifically preferred PAG is N-[(perfluorooctanesulfbnyl)oxy]-5- 
norbomene-2^^icarboximide. 

The following PAGs 1 and 2 are also preferred for resists used with ARCs of 
the invention: 



Such sulfonate compounds can be prepared as disclosed in European Patent 
Application 96 1 1 81 1 1.2 (publication number 0783 136), which details the synthesis of 
above PAG 1. Briefly, PAG I can be prepared by reaction oF a mixture of potassium 
iodatc, t-butylbenzene and acetic anhydride with sulfuric acid added drop wise to the 
mixture with ice-bath cooling. The reaction mixture is then stirred at room temperature 
for approximately 22 hours, water added with cooling to about 5-10°C and then 
washing with hexane. The aqueous solution of diary hodium hydrogensulfate is then 
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cooled to about 5-10°C and then camphorsulfonic acid is added followed by 
neutralization with ammonium hydroxide. 



Also suitable are the above two iodonium compounds complexed with anions 
other than the above-depicted caraphorsulfonatc and perfluorooctanesulfonate groups. 
In particular, preferred anions include those of the formula RSG 3 ' where R is 
adamantane, alky! (e.g. C M2 alkyl) and other perfluoroalkyl such as perfluoro (Q. 
i^alkyl), particularly perfluorobutanesulfonate and die like. 

Other known PAGS also may be employed in resists used in accordance with 
the invention. For 193 nm imaging, generally preferred are PAGS that do not contain 
aromatic groups, such as the above-mentioned imidosulfonates, in order to provide 
enhanced resist transparency. 

A preferred optional additive of resists of the invention is an added base, 
particularly tetrabutylammonium hydroxide (TB AH), or tetrabutylammoniura lactate, 
which can enhance resolution of a developed resist relief image. For resists imaged at 
1 93 nm, a preferred added base is a hindered amine such as diazabicyclo undecene or 
diazabicyclononene. The added base is suitably used in relatively small amounts, e.g. 
about 0.03 to 5 percent by weight relative to the total solids. 

Photoresists of the invention also may contain other optional materials. For 
example, other optional additives include arri-striation agents, plasticizers, speed 
enhancers, etc. Such optional additives typically will be present in minor 
concentrations in a photoresist composition except for fillers and dyes which may be 
present in relatively large concentrations, e.g., in amounts of from about 5 to 30 percent 
by weight of the total weight of a resisfs dry components. 

ARCs of the invention that include a low basicity crosslinker such as a suitable 
glycouril are particularly useful with photoresists that generate a strong acid 



24 - 



-42- 



photoproduct upon exposure such as triflic acid, camphor sulfonate or other sulfonic 
acid, or other acid having a pKa (25°C) of about 2 or less. Without wishing to be 
bound by theory, it is believed ARCs of the invention are particularly effective with 
such strong acid resists because the strong photogenerated acid will migrate from the 
resist and remain in the ARC layer to a lesser extent relative to a comparable ARC that 
contain a more basic ciosslinker. That is, the low basicity crosslinks of the invention 
will tie up strong photogenerated acids of an overcoated resist layer to a lesser extent 
than a more basic ARC crossiinker. As a result thereof, less acid loss from the resist 
layer will occur and resolution problems such as potential footing will be reduced or 
avoided. 

In use, an antireflective composition of the invention is applied as a coating 
layer to a substrate may any of a variety of methods such as spin coating. The 
antireflective composition in general is applied on a substrate with a dried layer 
thickness of between about 0.02 and 0.5 nm, preferably a dried layer thickness of 
between about 0.04 and 0.20 urn. The substrate is suitably any substrate 
conventionally used in processes involving photoresists. For example, the substrate 
can be silicon, silicon dioxide or aluminum-aluminum oxide microelectronic wafers. 
Gallium arsenide, ceramic, quartz or copper substrates may also be employed. 
Substrates used for liquid crystal display or other flat panel display applications are 
also suitably employed, for example glass substrates, indium tin oxide coated substrates 
and the like. 



Preferably the antireflective layer is cured before a photoresist composition is 
applied over the ARC. Cure conditions will vary with the components of the ARC. 
Thus, if the composition does not contain an acid or acid generator, cure temperatures 
and conditions will be more vigorous than those of a composition containing an acid oi 
acid generator compound. Typical cure conditions are from about 120°C to 225°C for 
about 0.5 to 40 minutes. Cure conditions preferably render the ARC coating layer 
substantially insoluble to the photoresist solvent as well as an alkaline aqueous 
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developer solution. 



After such curing a photoresist is applied over the surface of the ARC. As with 
application of the ARC, the photoresist can be applied by any standard means such as 
by spinning, dipping, meniscus or roller coating. Following application, the photoresist 
coating layer is typically dried by heating to remove solvent preferably until the resist 
layer is tack free. Optimally, essentially no intermixing of the ARC layer and 
photoresist layer should occur. 

The resist layer is then imaged with activating radiation through a mask in 
conventional manner. The exposure energy is sufficient to effectively activate the 
photoactive component of the resist system to produce a patterned image in the resist 
coating layer, more specifically, the exposure energy typically ranges from about 3 to 
300 mJ/cra 1 depending upon the exposure tool. The exposed resist layer may be 
subjected to a post-exposure bake if desired to create or enhance solubility differences 
between exposed and unexposed regions of a coating layer. For example, negative 
acid-tordemng photoresists typically require post-exposure heating to induce the acid- 
promoted crossUnking reaction, and many chemically amplified positive-acting resists 
require post-exposure heating to induce an acid-promoted deprotection reaction. 
Typically post-exposure bake conditions include temperatures of about 50°C or greater, 
more specifically a temperature in the range of from about 50°C to 160°C. 

The exposed resist coating layer is then developed, preferably with an aqueous 
based developer such as an organic alkali exemplified by tetrabutyl ammonium 
hydroxide, or an inorganic alkali such as sodium hydroxide, potassium hydroxide, 
sodium carbonate, sodium bicarbonate, sodium silicate, sodium metasilicate, aqueous 
ammonia or the like. Alternatively, organic developers can be used. In general, 
development is in accordance with art recognized procedures. 

The developed substrate may then be selectively processed on those substrates 
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areas bared of photoresist, for example chemically etching or plating substrate areas . 
bared of photoresist in accordance with procedures well known in the art. Suitable 
etchants include a hydrofluoric acid etching solution and a plasma gas etch such as an 
oxygen plasma etch. A plasma gas etch removes the cross I inked antihalation coating 
layer. 

All documents mentioned herein are incorporated herein by reference. The 
following non-hmiting examples are illustrative of the invention. 

Examples 1-3: Synthesis of Polymers 

Example 1: A terpolymer consisting of styrene, 2-hydroxethylmethacrylate and 
methylmcthacrylate monomers with a mole ratio of 30:38:32 was synthesized 
according to the following procedure: 

The monomers (styrene, 99% pure from AJdrich, 169.79 g; 2- 
hydoxyethylmethacrylate obtained from Rohm and Haas Corporation "Rocryl 400", 
269. 1 0 g; and methylmethacrylate obtained from Rohm & Haas Corporation, 173.97 
g)» were dissolved in 2375 g of THF in a 5L 3 -neck round bottom fitted with overhead 
stirring, a condenser, and a nitrogen inlet. The reaction solution was degassed with a 
stream of nitrogen for 20 min. The Vazo 52 initiator (1 1.63g, from DuPont 
Corporation) was added and the solution was heated to reflux (65-67°C). This . 
temperature was maintained for 15 hours. The reaction solution was cooled to room 
temperature and precipitated into 12L of MTBE/cyclohexane (v/v 1/1). The polymer 
was collected by vacuum filtration and vacuum dried at 50°C for 48 hours. Yield - 
68%, and subsequent analysis found the residual monomers - 2.4 wt%, Tg = 92°C, Td 
_ 239°c. The mole concentration of the Vazo 52 initiator relative to the sum of the 
mole concentration of monomers was 0.72%. Molecular weight analysis by gel 
permeation chromatography relative to polystyrene standards gave a Mw = 22416, Mn 
= 10031. 



Examples 2-3: Additional teipolymers of styrene:2- 
hydroxymethacrylatera were synthesized similar to the procedure of 

Example 1, except that the mole% of the initial monomer amounts were varied 
according to the following: 

Example 2: Polymer with mole% ratio of 1238:50. Tert-butyl methy! ether 
(5000 mL) was used as the precipitation solvent. Yield was 168 g (84% of theory). 
Molecular weight analysis by gel permeation chromatography relative to polystyrene 
standards gave a Mw = 19612, Mn = 10434, and subsequent analysis found T g = 76°C, 
andT 4 = 201°C 

Example 3: A terpolymer consisting of styrene, 2-hydroxethylmethacrylate 
and methylmethacrylate monomers with a mole ratio with mole% ratio of 1838:44. 
Hexanes (4500 mL) ) was used as the precipitation solvent Yield was 68 g (79% of 
theory). ). Molecular weight analysis by gel permeation chromatography relative to 
polystyrene standards gave a Mw = 22,712, Mn - 1 1,564, and subsequent analysis 
found T g - 107°C. 

Example 4: A terpolymer of styrene: 2-hydroxymethacryl ate : 
methylmethacrylate with the monomers in a mole % ratio of 30:38:32 was synthesized 
according to the procedure of Example 1 ; with the mole% of the initiator (Vazo 52) at 
0J6%. Molecular weight analysis by gel permeation chromatography relative to 
polystyrene standards gave a Mw = 54502, Mn = 22495. 

Example 5 : A tetrapolymer of styrene:24iydroxymethacrylate: 
raethylmethacrylate:n-butyl methacrylate in a mole % ratio of 30:38:3 1:1 was 
synthesized according to the procedure of Example I ; with the mole% of the initiator 
(Vazo 52) at 0.72%. Molecular weight analysis by gel permeation chromatography 
relative to polystyrene standards gave a Mw = 22646, Mn =10307 and subsequent 
analysis found T 8 = 74°C, T 4 = 33 1°C. 
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Example 6: A terpolymer of 4-acetoxystyrene: 2-hydroxymethacrylate: 
methyhnethacrylate was synthesized according to the procedure of Example 1 in a 
mole % ratio of 1 8:38:44 Example 1 ; with the molc% of the initiator (Vazo 52) at 
0.36'/.. Polymer yield was 84%. Molecular weight analysis by gel permeation 
chromatography relative to polystyrene standards gave aMw = 73888, Mn =29973. 
Subsequent analysis found T, - 74"C, T„ = 24TC. 

Example 7: A terpolymer of phenyl methacrylate: 2-hydroxymethacrylate: 
methylmethacrylale was synthesized according to the procedure of Example 1 in a 
mole % ratio of 30:38:32. Example 1 ; with the mole% of the initiator (Vazo 52) at 
0.36%. Yield was 94%.Molecular weight analysis by gel permeation chromatography 
relative to polystyrene standards gave a Mw = 1 1 1039, Mn =26866. Subsequent 
analysis found T, = 9 1 °C, T„ = 242"C. 

Example 8: A terpolymer of benzyl methacrylate: 2-hydroxymethacrylate: 
methylmethacrylale was synthesized according to the procedure of Example 1 in a 
mole % ratio of 18:38:44 Example 1; with the mole% of the initiator (Vazo 52) at 
0.91%. Polymer yield was 99%. Molecular weight analysis by gel permeation 
chromatography relative to polystyrene standards gave a Mw = 21614, Mn =1 1379. 

Example 9: A terpolymer of 2-pheny 1-1 -ethyl methacrylate: 2- 
hydroxymethacrylate: methylmetfaacrylate was synthesized according to the procedure 
of Example 1 in a mole % ratio of 18:38:44 Example I; with the molc% of the initiator 
(Vazo 52) at 0.91%. Polymer yield was 98%. Molecular weight analysis by gel 
permeation chromatography relative to polystyrene standards gave a Mw = 29008 Mn 
=15956. 

Example 10: An anti-reflective coating (ARC) composition was prepared using 
the polymer of Example 1 according to the following procedure: Into a 100 mL bottle 
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was weighed 1.2175 g of the polymer of Example 1, 0.225 gof tetramethoxymethyl 
glycoluril (American Cyanamid), 0.0075 g of p-tolyl sulphonic acid, 0.0135g of FC- 
430 (3M Company), 0.0965 g of di(4.tert-butylphcnyl)iodonium perfluorooctane 
sulphonate (Daychem Corp.) and 48.44 g of propylene glycol monomethyl ether 
alcohol CDowanol PM*\ Dow Corporation), which was placed onto a roller to facilitate 
dissolution. After dissolution, the ARC composition was filtered through either a 0. 1 
urn or 0.2 urn Teflon filter into a clean bottle. 

Example 1 1 : An anti-reflective coating (ARC) composition was prepared using 
the polymer of Example 1 according to the following procedure: Into a 100 mL bottle 
was weighed 1.2175 g of the polymer of Example 1, 0.150 gof tetramethoxymethyl 
glycoluril (American Cyanamid), 0.075 g of hexamemoxymelamine mixture ("Cymel 
303"), 0.0075 g of p-tolyl sulphonic acid, 0.0135g of FC-430 (3M Company), 0.0965 
g of di(^tert-butylphenyl)iodonium perflourooctane sulphonate (Daychem Corp.) and 
48.44 g of propylene glycol monomethyl ether alcohol ("Dowanol PM", Dow 
Corporation), which was placed onto a roller to facilitate dissolution. After dissolution, 
the ARC composition was filtered through either a 0. 1 um or 0.2 jum Teflon filter into a 
clean bottle. 

Example 12: An anti-reflective coating (ARC) composition was prepared using 
the polymer of Example 1 according to the following procedure: Into a 500 mL bottle 
was weighed 4.571 g of the polymer of Example 1, 0.8438 g of tetramethoxymethyl 
glycoluril (American Cyanamid), 0.0281 g of p-nitrobenzyltoslyate, 0.0450g of FC- 
430 (3M Company), 0. 1371 g of di(4-tert-butylpheny!)iodonium perflourooctane 
sulphonate (Daychem Corp.) and 48.44 g of propylene glycol monomethyl ether 
alcohol ("Dowanol PM", Dow Corporation), which was placed onto a roller to facilitate 
dissolution. After dissolution, the ARC composition was filtered through either a 0. 1 
l*m or 0.2 um Teflon filter into a clean bottle. 
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Example 13: An anti-reflective coating (ARC) composition was prepared using 
the polymer of Example I according to the following procedure: Into a 100 mL bottle 
was weighed 1.314 g of the polymer of Example 1, 0.225 g of tetramethoxymethy! 
glycolurii (American Cyanamid), 0.0075 g of p-tolyl sulphonic acid, 0.0l35g of FC- 
430 (3M Company) and 48.44 g of propylene glycol monomethyi ether alcohol 
CDowanoI PM*\ Dow CorporanonX which was placed onto a roller to facilitate 
dissolution. After dissolution, the ARC composition was filtered through either a 0.1 
um or 0.2 Teflon filter into a clean bottle. 



Examples 14-18: Anti-reflective compositions were prepared using a procedure 
and composition very similar to Example 13, with the exception that the amounts of the 
p-tolyl sulphonic acid and tetramethoxymethyl glycolurii were varied Table 1 lists the 
percentages by weight of the total amount of solids in the composition of these two 
components: 

Table 1: ARC compositions 
Example, Wt% Of solids of tetraTn^ ^ymethvl ff 1y r n | irr j1 



14 

15 
16 
17 
18 



12 
18 
15 
12 
18 



wt% of soKHg qI p. 

toivi sulphonic asid 

0.1 
0.1 
0.3 
0.5 
0.5 



Examples 19-23: Anti-reflective compositions were prepared using a procedure 
and composition very similar to Example 13, with the exception that the amounts of 
FC430 was varied Table 2 lists the percentages by weight of the total amount of solids 
in the composition of these this component: 
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Exampl e 

19 

20 

21 

22 

23 



Table 2: ARC compositions 
wt%ofsnlids nfronn 
0.2 
0.5 
0.8 

1.1 

2.0 



Examples 24-25: Anti-reflective compositions were prepared using a procedure 
and composition very similar to Example 13, with the following weights of 
components in the composition: 0.6102 g of the polymer, 0.1 125 g of 
tetramethoxymethyl glycoluril (American Cyanamid), 0.0030 g of p-tolyl sulphonic 
acid, 0.0060g of FC-430 (3M Company), 0.0183g of di(4.tert-butylphenyl)iodoniuni 
perflourooctane sulphonate (Daychem Corp.) and 24.25 g of propylene glycol 
monomethyl ether alcohol ("Dowanol PM", Dow Corporation). These compositions 
are described in Table 3 : 

Table 3: ARC compositions 
Example Polymer of Pxgmpk 

24 8 

25 9 



Examples 26-32: Anti-reflective compositions were prepared using a procedure 
and composition very similar to Example 13, with the following weights of 
components in the composition: 0.974 g of the polymer, 0.180 g of 
tetramethoxymethyl glycoluril (American Cyanamid), 0.0060 g of p-tolyl sulphonic 
acid, 0.0108g of FC-430 (3M Company), 0.0292g of di(4-tert-butylpheny0iodonium 
perflourooctane sulphonate (Daychem Corp.) and 38.80 g of propylene glycol 
monomethyl ether alcohol ("Dowanol PM", Dow Corporation). ). These compositions 
are described in Table 4: 
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Table 4: ARC compositions 

Example Polymer pf Example 

26 1 

27 4 

28 6 

29 7 

30 2 

31 3 

32 5 

Examples 33-35: Optical Testing of ARC Compositions 
ARC compositions were spin-coated on 200 mm Si wafers and baked at 215°C/90s on 
a 150 ^m proximity hotplate using a modern FSI wafer coating track. The ARC films 
were then measured using a Wollem ellipsometeT (Lincoln, NE) to determine their 
optical indices of refraction n and k (real and imaginary) at 193 nm. The imaginary 
index of refraction is related to film acsorbance; values of about k = 0.3 or greater are 
necessary to minimize film stack reflectivity while minimizing ARC film thickness. 
Most desirable are values of about k =* 0.4 or greater. These values are tabulated in 
Table 5: 

Tafrlle 5; ARC optical parameters measured at 193 nm 
Example real refractive index, a imaginary refractive 

index, k 

Shipley AR2 (Shipley Corp.) 1.70 0.10 

33 1.73 6.216 

34 1.74 0.295 

35 1.77 0.40 
These data illustrate that the comparative material, namely a widely-used commercial 
ARC material designed for use at 248 nm, Shipley AR2, has an imaginary refractive 
index significantly lower than what is desired to minimize reflectivity at 193nm. These 
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data also show that the k-value of compositions 30-32 increase with increasing phenyl 
moiety in the polymer ( in this case introduced through the styrene monomer). It is the 
belief of the authors that the phenyl group is a good chromophore at 193 nm , and 
selecting the ideal phenyl group concentration in the polymer one can achieve a 
desirable imaginary refractive index, k. 

Examples 36-40: Evaluation of ARC insolubility after baking 
It is strongly desirable that the ARC film is hardened during the coating and baking 
process such that it becomes impervious to the subsequent coating of photoresist in 
latter lithographic processing steps. In this invention, ARC hardening during the bake 
is achieved through chemical acid-catalyzed cross-linking of the polymer. Modern 
defect-free lithographic processing, particularly for use in semiconductor 
manufacturing requires that the interface between the resist pattern and the ARC 
substrate to be as free as possible of scumming, residues and flaring while maintaining 
an excellent edge acuity. Resist patterns must also adhere well to the ARC during 
lithographic process steps. In order to meet these requirements, it is the belief of the 
inventors that intermixing of the resist with the hardened ARC film should be 
minimized to whatever extent possible. 

Several ARC hardened films were studied to determine if they were impervious 
to dissolution or swelling in a typical commercially-used resist coating solvent, ethyl 
lactate. Accordingly, the ARC composition was coated on Si, baked at 2 1 5 ° C/60s to 
yield a 60 nm thick film. The film thickness was then measured at 1 1 points using a 
Nanometrics 215 AFT film thickness measuring tool. Then the ARC-coated wafer was 
immersed in a beaker of ethyl lactate solvent for 60 s. The ethyl lactate was rinsed off 
with water, and the wafer was air-dried. Film thickness was remeasured at the same 
positions using the same measuring tool. The change in thickness was recorded. 
Results are shown in Table 6: 



- 34 - 



-52- 



Table fr Variation in ARC film thi ckness follo w ing „ 60* i~ 



Example, 




Change in Thickness fi,) 


Comments 






alter immersiflTj 




36 


14 


44 A loss 


discolored 








film 


37 


15 


34 A loss 


discolored 








film 


38 


16 


OA 


good quality 


39 


17 


OA 


good quality 


40 


18 


OA 


good quality 



Examples 38-40 show that compositions 16, 17 and 18 were impervious to 
either dissolution or swelling in ethyl lactate solvent. This positive result is an 
indication that these compositions will form subsequent clean interfeces between the 
resist pattern and the ARC film during standard lithographic patterning. Examples 36- 
37 show some dissolution of ARC in the resist solvent, indicating that the lithographic 
processing will likely not be as successful as Examples 38-40. Compositions 16-18 
had higher toluene sulphonic acid concentrations in the initial ARC composition (0.3% 
' °- 5% ) 35 compared to Examples 14 and 15 which had lower acid concentrations 
(0.1%). As a result, preferred acid concentration in the ARC composition is greater 
than 0.1%, and more preferably 03% or higher: While not being bound by theory, it is 
believed that the higher acid concentration leads to a higher crosslinking density in the 
ARC film during baking, making it more impervious to solvent attack. A toluene 
sulphonic acid concentration of at least 0.3% was therefore used in further ARC 
material and composition evaluations. 

Examples 41-42: Resist compositions used in evaluating ARC efficacy 
Photoresist compositions suitable for lithographic testing was prepared by 
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dissolving a combination of 0.524 g of perfluoro-octanesulphonate-noreor^ 
dicarboximide, 0.0449g of di(4-tot-bu^!phcn y l)iodonium pemuorooctenesulphonate 
(DTBIPFOS) and a binder polymer into a stock solution containing 0.0045 g of 1 8- 
diazabicycloCSAOlundec^-ene (Aldrich Corp, USA). 0.0075 g of Silwet 7604 (Dow 
Corning Co., USA) and 43.5 g of propyleneglycol methyl ether acetate (Dow Corp., 
USA). To aid in dissolving DTBIPFOS, this material was added to the resist 
composition as 5% solutions in ethyl lactate. After dissolution, the resist composition 
was filtered through either a 0. 1 urn or 0.2 urn Teflon filter into a clean bottle. 

Example41: A binder polymer with a molar feed ratio of 3 1 :22: 10: 1 4:23 of 
isobomyl methacrylatertert-butyl methacrylate:methacrylic acid: methacrylonitrile: 
itaconic anhydride was used in the described resist composition This polymer was 
prepared through the following procedure: 

Into a 500 mL flask was placed 12.54 g of itaconic anhydride, 15.20 g of tert- 
butyl methacrylate, 4.58 g of methacrylonitrile, 4.28g of methacrylic acid, 33.57g of 
isobomyl methacrylate, and 100 mL of anhydrous tetrahydrofuran. Ail reagents were 
at least 99% pure. The flask was fitted with a magnetic stirring bar, a condenser and an 
addition funnel. All ingredients were sparged with N, gas for 20 minutes prior to 
reaction. In the condenser was placed 0.75 g of Vazo52 free-radical initiator and 25 
mL of anhydrous tetrahydrofuran. The solution was brought to 70»C, and then the 
initiator was added over a 20 minute period. The flask was maintained at 70°C for 14 
hours, and then cooled to room temperature. Polymer was obtained by precipitation 
intoSLofhexane, and dried in a Buchner funnel. Then the polymer was re-dissolved 
into 120 mL of acetone and reprecipitated into 3 L of hexane, and collected on a 
Buchner funnel. The polymer was dried overnight in a vacuum oven at room 
temperature. Yield was 49.96g (66%). 

Example 42: A binder polymer with a molar feed ratio of 15: 10:28.10:14:23 of 
isobomyl metriaciylate:2,3-mmemyI-2-butylmemacrylate;metha(^late:memacryIi 
acid: methacrylonitrile: itaconic was used in the described resist composition. This 
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polymer was prepared through a similar procedure as Example 41. 

The 2,3-dimethyl-2-butylmethacrylate was synthesized through the following 
procedure: 

Into a 500 mL flask containing a stir bar, and fitted with a condenser, is placed 
180g of anhydrous tetrahydrofuran, 40g of 2 t 3-dimethyl-l-butanol and 40.93 g of 
triethylarnine under a N 2 atmosphere. To this was dropwise added 40.927 g of purified 
methacroyl chloride from an addition funnel. The reaction was allowed to warm 
moderately. After 24 hrs of stirring, the tetrahydrofuran was roto-evaporated from the 
solution and 1 00 mL of ethyl acetate was added. The salts were then filtered off though 
a Buchner funnel. The ethyl acetate was then stripped by use of a rotory-evaporator. A 
vacuum distillation column was set up with a 8 inch Vigreaux column, stir bar and a 
few small boiling chips. A fractional distillation was performed and 19.8g of the 
product was recovered in the fraction which had a boiling point of approximately 80 - 
8TC at 6-7 torr of pressure. ! H NMR was used to confirm structure and purity. 

Example 43 - 64: Lithographic patterning of resist on ARC compositions 
In order to assess resolution capability, high-voltage cross-sectional scanning electron 
microscopic methods were used to examine the printed features. Minimal resolution in 
an imaged 1:1 pitch grating by choosing an exposure dose such that the patterned 1:1 
160 run lines and 160 run spaces on the mask actually measured essentially 160nm in 
size respectively, and then determining the smallest, essentially full-thickness line 
which cleanly developed* had a flat top and did not leave residue on the substrate. 
Photospeed is the exposure dose required in forming such a pattern. We found that the 
photospeed did not vary significantly with the different ARC compositions; The resist 
composition of Example 41 gave a photospeed of about 29 mJ/cm 2 , and the resist 
composition of Example 42 gave a photospeed of about 24 mJ/cnr. 

The Lithographic processing was performed on modem wafer-processing tools 
(manufactured by FSI and SVG Companies) using both 150mm and 200mm silicon . 

- 37 - 



-55- 



wafers. All processing was done in an essentially base-contaminant free atmosphere 
(<5 ppb measure amines/ammonia) The wafers were coated with the ARC composition 
prior to subsequent processing. ARC films were spin-coated and baked at 215 ° C, with 
a suitable spin speed chose to yield a thickness of about 65 nm. The photoresist was 
spun onto ihe wafers at about 3000 rpm and baked (PAB, post-apply bake) on a 150 
Jim proximity-gap plate and then rapidly cooled to room temperature to give a film 
thickness of 4200A. Then the film was exposed using a resolution-test pattern on a 
GCA 0.60 NA ArF (193nm) wafer stepper at a partial coherence setting of 0.70. 
Immediately afterwards, the film was baked (PEB, post-exposure bake) on a 150 urn 
proximity-gap plate, and then rapidly cooled to room temperature. Immediately 
afterwards the film was developed using an industry-standard 60 second track-single- 
puddle process with industry standard 0.26 N tetramethylammomum hydroxide 
developer. 

Table t Results from lithographic testing of the resist compositions on ARC 
RcsL refers to the resolution at Es. PAB and PEB are given in units of ° C and ResL is 
in units of nm. DUV-1 8 J is a commercial ARC product available from Brewer 
Sciences Incorporated of Missouri, and AR2 is a commercial ARC product available 
from Shipley Company of Massachusetts. 
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Table 7 -cont'd 
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Discussion of Examples 1 7-32: 

The compositions of this invention can yield remarkably high-performance ARCs 
suitable for semiconductor manufacturing applications. The quality of the interface 
between the resist pattern and the ARC underlayer is sharper and more free of residues, 
and the resolution capability of the ARC compositions 46-49, 53 and 58-61 exceed the 
resolution capability of current ARC materials DUV-18J and AR2. The performance 
of ARC compositions 46-49, 53 and 58-61 also exceed the performance of comparison 
Examples 56 and 57. Superior performance in compositions 46-49, 53 and 58-61 also 
illustrate that best results are obtained when the polymers do not contain alkyl spacer 
group structures between the polymer chain and the phenyl chromophores (for example 
phenethyl methacrylate in Example 56, and benzyl methacrylate in Example 57). 

Example 65. Testing of reflection control 
A primary purpose of the use of an ARC in a lithographic process is to minimize the 
resist "swing curve"; i.e. minimize the variation in observed photospeed as the resist 
film thickness is changed. In order to evaluate reflection control, the resist of Example 
49 was lithographically processed on the ARC of Example 13 by a process similar to 
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that of Examples 44-64, except that the ARC film thickness was maintained at 82 J nm 
and the thickness of die resist film was varied from 400 nm to 500 nm by changing the 
resist spin-coating speed. Photospeed to clear (Eo) was measured, and the data are 
shown below in Table 8: 

Table 8; Observed resist ohotosneerf Fn ^ p ^st film th in ks e 

on ARC of Examr^ H 

Rgsfc filrq t h ickness ( n m) Phntnsp^ to clear, fm J/cim*) 

402 7, 8 

412 7 .7 

423 7.5 

«9 7.5 

463 . g.o 

471 7. 9 

492 7.8 



The maximum amplitude in the variation of observed Eo is 8.0-7.5 = 0.5 
mJ/cm 2 . This is a very small variation in photospeed to clear and is acceptable for most 
modem lithographic processes. This small value illustrates that the compositions of 
this invention are effective in control of reflection of light from the substrate during 
exposure at I93nm. 



The foregoing description of the invention is merely illustrative thereof, and it 
is understood that variations and modifications can be effected without departing from 
the scope or spirit of the invention as set forth in the following claims. 
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1. Abstract 

The invention provides new light absorbing crosslinking compositions suitable 
for use as an arinreflective composition (ARC), particularly suitable for short 
wavelength imaging applications such as 193 nm. The ARCs of the invention are 
preferably used with an overcoated resist layer (Le. bottom layer ARCs) and in general 
comprise novel ARC resin binders that can effectively absorb reflected sub-200 nm 
exposure radiation. 



2. Representative Draving 
Nothing 
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* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 

2 **** s h ows the word which can not be translated. 
3. In the drawings, any words are not translated. 

CLAIMS 
[Claim(s)] 

[Claim 1] (a) Prepare on a substrate the layer of the acid-resisting constituent containing the resin binder 
which has a phenyl group.; 

(b) Harden an acid-resisting constituent layer.; 

(c) Prepare the layer of a photoresist constituent on the layer of an acid-resisting constituent.; 

(d) The approach containing developing- layer of photoresist which exposed photoresist layer with activation 
exposure light, and was exposed; for forming a photoresist relief image. 

[Claim 2] The approach according to claim 1 of exposing a photoresist layer with the activation exposure 
light which has the wavelength of less than about 200nm. 

[Claim 3] The approach according to claim 1 of exposing a photoresist layer with the activation exposure 
light which has the wavelength of about 1 93nm. 

[Claim 4] The approach according to claim 1 in which the phenyl group is carrying out direct suspension to 
the principal chain of the resin of an acid-resisting constituent. 

[Claim 5] The approach according to claim 1 the phenyl group is carrying out suspension to the principal 
chain of the resin of an acid-resisting constituent, and any alkyl units do not intervene between the principal 
chain of resin, and a phenyl group. 

[Claim 6] the resin of an acid-resisting constituent — degree type I: ~ [Formula 1] 



(-- the inside of a formula, and W chemical bond, alkyl association, or ester bond; — hydrogen, a 
permutation or unsubstituted alkyl, a permutation or unsubstituted alkoxy ** ester, a permutation or 
unsubstituted alkanoyl, a permutation, unsubstituted ring type aryl, a permutation, or unsubstituted aralkyl;m 
of R 'each is a joint radical independent [ each Z / integers / from 0 to 5 /;, and / between polymer units ].) — 
approach including a unit according to claim 1 . 

[Claim 7_the resin of an acid-resisting constituent — degree type IA: ~ [Formula 2] 



i' 



(— inside of formula, and W — chemical bond or ester bond; — as for R 'each, as for hydrogen, a 
permutation or unsubstituted alkyl, a permutation or unsubstituted alkoxy ** ester, a permutation or 
unsubstituted alkanoyl, a permutation, unsubstituted ring type aryl, a permutation, or unsubstituted 
aralkyl;m, each Z [ integers / from 0 to 5 /; and ] is the joint radical which it became independent of between 
polymer units.) — approach including a unit according to claim 1. 

[Claim 8] The approach according to claim 1 the resin in an acid-resisting constituent is acrylate resin. 
[Claim 9] the resin of an acid-resisting constituent — degree type II: — [Formula 3] 
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the inside of a formula, and W — chemical bond, alkyl association, or ester bond; « every -- Rl Hydrogen, a 
permutation or unsubstituted alkyl, a permutation, or unsubstituted alkoxy ** Ester, a permutation or 
unsubstituted alkanoyl, a permutation, unsubstituted ring type aryl, a permutation, or an unsubstituted 
aralkyl; R2 A permutation, unsubstituted alkyl, a permutation, or unsubstituted ring type aryl; hydrogen 
[ with Y / independent each ], permutation, or one to C6 unsubstituted alkyl;, x, and y are an approach 
including the unit of mol %; of each unit in resin according to claim 1 . 

[Claim 10] The approach according to claim 9 R2 contains a hydroxyl group in the above-mentioned general 
formula II. 

[Claim 1 1] the resin of an acid-resisting constituent — degree type IE: [Formula 4] 

— f a 




m 



the inside of a formula, and W — chemical bond, alkyl association, or ester bond; — R 'each Hydrogen, a 
permutation or unsubstituted alkyl, a permutation, or unsubstituted alkoxy ** Ester, a permutation or 
unsubstituted alkanoyl, a permutation, unsubstituted ring type aryl, a permutation, or an unsubstituted 
aralkyl; R2 and R3 different, respectively permutation [ independent ], unsubstituted alkyl, permutation, or 
unsubstituted ring type aryl; — hydrogen with Y [ independent each ], a permutation, or one to C6 
unsubstituted alkyl; And x, and y and z are mol%s of each unit in resin. An approach including a unit 
according to claim 1 . 

[Claim 12] The approach according to claim 1 1 at least one of the R2 or R3 substituents has a hydroxyl 
group in the above-mentioned general formula III. 

[Claim 13] The approach according to claim 1 an acid-resisting constituent contains a heat acid generator 
compound. 

[Claim 14] The approach according to claim 1 of hardening an acid-resisting constituent thermally, before 
preparing a photoresist constituent layer. 

[Claim 15] The approach according to claim 1 by which an acid-resisting constituent is not substantially 
activated until the photo-oxide generating agent exposes a photoresist constituent layer including a photo- 
oxide generating agent. 

[Claim 16] The approach according to claim 1 an acid-resisting constituent contains the cross linking agent 
matter. 

[Claim 17] The approach according to claim 1 a photoresist constituent is the positive type amplified 
chemically. 

[Claim 1 8] (a) Prepare on a substrate the layer of the acid-resisting constituent containing the resin binder 
which has a phenyl group.; 

(b) Prepare the layer of a photoresist constituent on the layer of an acid-resisting constituent.; 

(c) The approach containing developing-layer of photoresist which exposed photoresist layer with activation 
exposure light, and was exposed; for forming a photoresist relief image. 

[Claim 19] The approach according to claim 18 of exposing a photoresist layer with the activation exposure 
light which has the wavelength of less than about 200nm. 

[Claim 20] The approach according to claim 18 in which the phenyl group is carrying out direct suspension 
to the principal chain of the resin of an acid-resisting constituent. 

[Claim 21] (1) Spreading layer of the acid-resisting constituent containing the resin which has a phenyl 
group; 

(2) The applied substrate containing the applied substrate which has spreading layer; of a photoresist layer 
on it on an acid-resisting constituent layer. 

[Claim 22] The acid-resisting constituent of the bottom layer containing the resin which has a phenyl group 
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used in order to carry out image formation of the finished photoresist in the wavelength of less than 200nm. 
[Translation done.] 
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JPO and NCI PI are not responsible for any 
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1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the constituent which decrease in number reflection by 
back track of the exposure exposure light to the photoresist layer finished from the substrate. This invention 
relates to a detail more at the acid-resisting covering constituents (ARCs) containing the resin binder which 
absorbs effectively the short wavelength exposure exposure light containing less than 200nm exposure light 
like 193nm exposure light. 
[0002] 

[Description of the Prior Art] A photoresist is a film used in order to imprint an image to a substrate. The 
spreading layer of a photoresist is formed on a substrate and, subsequently a photoresist layer is exposed 
through a photo mask by the source of an activation exposure. A photo mask has an opaque field and the 
field of an and also [ it is transparence to activation exposure light ] to activation exposure light. If activation 
exposure light is exposed, a photoresist coat will produce the chemical denaturation (photo induced 
chemical transformation) by which induction was carried out to light, and the substrate to which the pattern 
of a photo mask applied the photoresist by it will imprint. Development of a photoresist obtains after 
exposure the relief image which can alternative process a substrate. 

[0003] The photoresist is possible also at a positive type or a negative mold. In the case of most negative- 
mold photoresists, the part exposed by the activation exposure light of a spreading layer performs a 
polymerization or bridge formation in the reaction between the photosensitive compound of a photoresist 
constituent, and the reagent in which a polymerization is possible. Therefore, it is hard coming to dissolve 
the exposed spreading part with a development solution rather than the part which is not exposed. The field 
which becomes easy to dissolve the part which was exposed in the case of the positive type photoresist with 
a development solution, and is not exposed on the other hand maintains the condition of being hard to 
dissolve with a developer in comparison. The photoresist constituent is well-known to this contractor. "The 
photoresist ingredient and approach" (Photoresist Materials and Prosesses)" () by De Forest (Deforest) 
[ McGraw Hill Book Company, ] [ New ] " York, Chapter 2 of 1975, and Molly (Moreay) Semi-conductor 
lithography, It actually reaches and is indicated by Chapter 2 of ingredient (Semiconductor Lithography, 
Principles Practies and Materials)" (Plenum Press, New York), and Chapter 4. a principle ~ Also in this 
invention, it is referring to [ reference / this / both ] about the instruction about a photoresist constituent, and 
its manufacturing method and usage. 

[0004] in a semi-conductor, the main applications of a photoresist come out, and there are, and one purpose 
is changing into the complicated matrix of the electronic conduction path of a desirable a micron or 
submicron geometric pattern the flake of the semi-conductor ground by altitude, such as silicon or gallium 
arsenide, in order to make the function as a circuit discover. It is a key for processing a photoresist 
appropriately to attain this purpose. Although strong interdependence is among various photoresist 
processing processes, in obtaining the photoresist image of high resolution, exposure is considered to be one 
of the more important processes. 

[0005] Reflection of the activation exposure light often used in order to expose a photoresist may present the 
limit of the image by which pattern formation was carried out in the photoresist layer. If exposure light 
reflects from a substrate / photoresist interface, the exposure reinforcement in the photoresist between 
exposure may change, and the line breadth of a photoresist will become an ununiformity by it at the time of 
development. Since exposure light is scattered about to the photoresist field which is not made into the 
purpose of exposure from a substrate / photoresist interface, line breadth will vary also in this case. Extent of 
dispersion or reflection changes with fields typically, and line breadth becomes an ununiformity further also 
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by this. The reflective problem to which the change in the configuration of a substrate also presents a limit 
to resolution is caused. 

[0006] From the latest inclination for the semiconductor device to serve as high density, there is an 
inclination which shortens wavelength of the source of exposure to far-ultraviolet (DUV) light (wavelength 
of 300nm or less), KrF excimer laser light (248.4nm), ArF excimer laser light (193nm), an electron beam, 
and soft X ray in the industrial world. Since the shortened wavelength was used in order to carry out image 
formation to a photoresist coat, generally the reflection from the upper resist front face increased like the 
front face of a lower layer substrate as a result. Therefore, using shorter wavelength has enlarged the 
problem of the reflection from a substrate front face. 

[0007] By another technique used in order to lessen the problem of the reflected light, the exposure light 
absorption layer inserted between a substrate front face and a photoresist enveloping layer has been used. 
For example, please refer to the PCT application public presentation official report 90th / No. 03598 
(W090/03598), the European Patent application public presentation official report No. (1 EP, A 0,639,941) 
0639941 and U.S. Pat. No. 4,910,122, 4,370,405, and 4,362,809. Refer for these by this invention about the 
indication of an acid-resisting (antihalation) constituent and its usage to all. Such a layer is described also in 
said reference by expression called an acid-resisting layer or ARC (acid-resisting constituent). The very 
useful antihalation (acid resisting) constituent is indicated by the European Patent application public 
presentation official report No. (EP, Al, 542,008) 542008 of a cypripedium rhe company (Shipley Co.). 
[0008] 

[Problem(s) to be Solved by the Invention] While it is found out that the ARC constituent in the advanced 
technology is effective in many acid-resisting applications, especially the constituent of the advanced 
technology has the constraint on some engine performance, when it is used for a short wavelength image 
formation application. Therefore, to have a new antireflection coating constituent is desired. A new 
antireflection coating constituent which contains less than (sub-200nm) 200nm exposure light like 193nm 
especially and which absorbs effectively the reflection which is not desirable as for the exposure light of 
short wavelength is desired. 
[0009] 

[Means for Solving the Problem] This invention offers a suitable new light absorption constituent to use it as 
an antireflection coating constituent (ARC) to a short wavelength image formation application like 
especially 193nm image formation. ARC(s) of this invention also contain a cross linking agent component 
as occasion demands including the resin binder which short wavelength exposure exposure light is absorbed 
[ binder ] effectively, and generally decreases reflection of this exposure light. 

[0010] The desirable resin binder of ARC(s) of this invention includes the phenyl unit which carried out 
suspension to the polymer principal chain preferably. Especially the desirable ARC resin binder of this 
invention does not have any alkyl (for example, it is permutation or unsubstituted n (-CH2-), and n is 1 to 
about 6, or 8.) units which intervene between the phenyl units which carried out suspension to the polymer 
principal chain. For example, the desirable radical which carried out suspension contains what is obtained 
by the polymerization of a permutation or unsubstituted styrene, a permutation or unsubstituted isopropyl 
styrene, a permutation or unsubstituted acrylic-acid phenyl and a permutation, or unsubstituted methacrylic- 
acid phenyl. The phenyl group "carried out direct suspension" (directly pendant) from the polymer principal 
chain stated by this invention shows that an alkyl group or other radicals do not intervene between a 
polymer principal chain and a phenyl group so that it may be obtained by the polymerization of a 
permutation, unsubstituted styrene, a permutation, or an unsubstituted isopropyl styrene unit. 
[001 1] However, although it is not so desirable, this invention includes ARC(s) which have a resin binder 
with the phenyl group to which alkyl (for example, it is permutation or unsubstituted n (-CH2-), and n is 1 to 
about 6 or 8.) association intervenes between a polymer principal chain which is obtained by the 
polymerization of for example, methacrylic-acid-2-phenylethyl and its analogue, and a phenyl group, and 
which carried out suspension. 

[0012] The acid-resisting constituent resin binder with a phenyl chromophore part is a copolymer suitably, it 
is preferably based on the polymerization of a different monomer beyond 2 or it, and at least one of the 
monomer of the contains a phenyl chromophore group. For example, another desirable ARC resin unit is for 
example, methacrylic-acid-2-hydroxyethyl, acrylic-acid-2-hydroxyethyl, and hydroxy acrylate like those 
analogue.; What is obtained by the polymerization of an acrylate monomer like a methyl methacrylate, a 
methyl acrylate, methacrylic-acid butyl, butyl acrylate, and one to CI 2 acrylate like those analogue is 
included. As for acrylate resin including a phenyl chromophore unit, being used in ARC(s) of this invention 
generally is desirable. In order to construct a bridge in ARC(s) of this invention, ARC resin has the hydroxyl 
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group or other reactant parts for promoting a hardening reaction preferably. 

[0013] This invention offers the new manufacturing technology containing the new approach of forming a 
relief image further, and the substrate which is ARC constituent independent [ of this invention ], or was 
applied in combination with a photoresist constituent. Other modes of this invention are indicated below. 
[0014] 

[Embodiment of the Invention] As for the resin binder constituent of the acid-resisting constituent of this 
invention, it is desirable to use it with the image formation system of short wavelength, and reflection of less 
than 200nm and the reflection which is especially 193nm are absorbed effectively. 

[0015] Especially the desirable ARC resin binder of this invention has the phenyl group which carried out 
suspension. For example, desirable resin has the phenyl unit shown by the degree type I. 
[0016] 
[Formula 5] 



i 

CO 



">1 



[0017] the inside of a formula, and W - a chemical bond, alkyl association, for example, a permutation, or 
unsubstituted n (-CH2-) -- it is - n - 1 to about 6, 8, or ester bond (namely, O (C=0)); -- R 'each alkoxy ** 
non-hydrogen substituent; like hydrogen or a halogen (F, CI, Br, or I) - the permutation which has one 
piece to about eight carbon atoms preferably, or unsubstituted alkyl; - the permutation which has one piece 
to about eight carbon atoms preferably, or unsubstituted A permutation like one to C8 alkanoyl whose Z is 
the permutation or unsubstituted alkyl;, for example, the acyl, and the similar radical of C 1-8 with the 
permutation or the unsubstituted ester like C(=0) OZ, or unsubstituted alkanoyl; - A permutation or 
unsubstituted ring type aryl, Especially, phenyl; permutation or unsubstituted aralkyl especially benzyl (- 
CH2C6H5);, and similar radical;m Integer; and Z of 0 to 5 (when the phenyl group which carried out 
suspension is completely permuted from hydrogen) it is a joint radical between the monomelic units of a 
polymer, for example, of a reaction component of a monomeric unit like a carbon-carbon double bond, a 
polymerization is carried out, for example, a permutation or unsubstituted alkylene, and one to C3 alkylene 
that was permuted by one to C4 alkyl, or is not carried out are given preferably. 
[0018] As mentioned above, although more desirable resin has the phenyl group which carried out 
suspension, it is resin without any alkyl (for example, it is permutation or unsubstituted n (-CH2-), and n is 1 
to about 6, or 8.) radicals which intervene between the phenyl groups which carried out suspension to the 
polymer principal chain, for example, resin with the phenyl unit shown by the degree type IA. 
[0019] 
[Formula 6] 

I- t IA 



[0020] (inside of formula, and W ~ chemical bond or ester bond (namely, O (C=0)); - every R', and m and 
Z are the same as what was defined by the above-mentioned formula I.) 

Moreover, in addition to a repeat unit with a phenyl chromophore unit, especially the desirable ARC resin of 
this invention has an acrylate unit as mentioned above. For example, the acrylate copolymer which consists 
of the unit expressed with the degree type II as desirable resin is mentioned. 
[0021] 
[Formula 7] 

co ^ * L~ a '3 

[0022] (The inside of a formula, W, every R\ and m are the same as what was defined by the above- 
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mentioned formula I.;R2) Preferably The carbon atom, the more desirable permutation of the carbon atom of 
1 to about 8 thru/or 20 or more desirable unsubstituted permutations, such as alkyl group; phenyl, or 
unsubstituted ring type aryl of 1 to about 20, Or it is a permutation like a permutation or unsubstituted 
benzyl, 2-phenylethyl, and a similar radical, or an unsubstituted aralkyl, and R2 is a non-aromatic series 
radical preferably, the hydrogen or the permutation which Y became independent of each, or one to C6 
unsubstituted alkyl ~ and preferably Hydrogen or methyl; which Y became independent of each, and x and 
y It is the mole percent of each unit in a polymer, x preferably About 5% to about 80 thru/or 90%, more 
preferably, from about 10 thru/or 15%, 70%, it is about 50% from about 20% further more preferably, and 
the remainder of a polymer includes about 60 thru/or a unit including R2 set or other units. 
[0023] Especially an acrylate copolymer including the unit shown by the copolymer and the copolymer 
[ pluralism / ones / other ] III, for example, a degree type, etc. is desirable. [ of 3 yuan ] 
[0024] 
[Formula 8] 



[0025] (The inside of a formula, W, every R 1 , and m are the same as what was defined by the above- 
mentioned formula I. R2 and R3 among; type) it differs, respectively and chooses independently of the same 
radical as what was defined by R2 in Formula II - having — ; - Y each hydrogen, the independent 
permutation, or independent unsubstituted C - preferably one to 6 alkyl Hydrogen or methyl; which Y 
became independent of each, x, and y and z It is the mole percent of each unit in a polymer. Preferably x 
does not have about 80 from about 5%, there is no about 60 [ 90% ] from about 10 thru/or 15% more 
preferably, and x is about 50% from about 20% further more preferably 70%. the remainder of a polymer 
consists of R2 set, R3 set, or a unit including other units. 

[0026] R2 and R3 with the above-mentioned desirable formula A hydroxy-permutation alkyl group, a CI -6 
hydroxyalkyl; methyl methacrylate especially like 2-hydroxyethyl and hydroxypropyl, A methyl acrylate, 
ethyl methacrylate, an ethyl acrylate, methacrylic-acid hexyl, One to alicyclic C8 alkyl which is obtained by 
the polymerization of acrylic-acid hexyl; It reaches. The annular alkyl group which has three pieces to about 
20 carbon, such as cyclohexyl, adamanthyl, isobornyl, and a similar radical, suitably, and is obtained by the 
polymerization of corresponding acrylate and methacrylate is included. 

[0027] As described above, ARC resin may have other units, such as a cyano ****** itaconic-acid- 
anhydride radical which carried out suspension. Preferably, the direct suspension of the itaconic -acid- 
anhydride part is carried out to a polymer principal chain, namely, the direct suspension of the part 
concerned is carried out to a polymer joint radical, without having the alkylene which intervenes between a 
polymer joint radical and an itaconic-acid-anhydride radical, aryl, or other radicals. On the other hand, 
although the direct suspension of this cyano group is preferably carried out to this polymer principal chain 
(acrylonitrile or polymerization of a prototype), a joint radical may intervene between this cyano group and 
a polymer joint radical. 

[0028] As discussed by this invention, as long as ARC resin, other ARC(s), or the various parts of a resist 
component are requests, they may be permuted. The substituent "permuted" is set on one piece or the 
replaceable location beyond it, and a general target at 1, 2, or the 3rd place, for example, a halogen 
(especially - F --) CI or Br; cyano; -- one to C8 alkyl; - CI -8 alkoxy; - two to C8 alkenyl; - two to C8 
alkynyl; — it may permute by one piece or the suitable radicals beyond it, such as alkanoyl [, such as one to 
C6 alkanoyl, such as hydroxyl;, for example, acyl, and a similar radical, ];. 

[0029] Especially the desirable polymer used for ARC(s) of this invention The mole percent (namely, value 
of x in Formula III) of a phenyl unit From 10% to about 60% More preferably about 40 thru/or 50 %;R2 
from about 10 thru/or 15% It is one to C6 hydroxyalkyl, such as a permutation or unsubstituted alkyl, 
especially 2-hydroxyethyl. The mole percent (namely, value of y in Formula III) of an ester unit with R2 set 
50 from about 1 mole percent thru/or 60 mole percents, More preferably 40 thru/or 50 mole-percent;R3 
from about 10 mole percents For example, they are unsubstituted alkyls, such as CI -8 alicyclic alkyls, such 
as annular alkyl groups, such as methyl and ethyl. The mole percent (namely, value of z in Formula III) of 
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an ester unit with R3 set 60 from about 10 mole percents thru/or 70 mole percents, more — desirable — 40 
thru/or 50 mole percent [ from about 20 thru/or 30 mole percents ]; ~ Y contains each the 3 yuan copolymer 
of the above-mentioned formula III which is independent hydrogen or methyl. Please refer to the below- 
mentioned example especially about desirable ARC resin. 

[0030] The ARC resin binder of this invention is suitably compounded by carrying out the polymerization of 
the monomer from which it differs the same monomer or for obtaining a copolymer preferably. At least one 
sort of monomers by which the polymerization was carried out contain a phenyl group. The free radical 
polymerization by making the monomer which are the elevated temperatures above about 70 degrees C 
under an inert atmosphere (for example, nitrogen or an argon) preferably, and offers various units, for 
example under existence of a radical initiator react (when using a solvent), although reaction temperature 
may change by the boiling point of the reactivity of the specific reagent to be used and a reaction solvent is 
used suitably. Refer to the below-mentioned example for the example of a reaction condition. By the 
indication of this invention, this contractor can decide suitable reaction temperature also to all specific 
systems experientially. A reaction solvent may be used as long as it is a request. As a suitable solvent, an 
aromatic series solvent like benzene, a chlorobenzene, toluene, and a xylene etc. is mentioned to alcohol like 
a tetrahydrofuran, propanol, and a butanol, and a list. Dimethyl sulfoxide and dimethylformamide are also 
suitable. Moreover, a polymerization reaction can also carry forward a non-solvent. The copolymer of this 
invention may be prepared using various free radical initiators. For example, Vazo An azo compound like 
52 (Du Pont), the azo-screw -2, and - isobutyronitrile (azobisuisobutironitoriru), and 2*1, l'-azobis 
(cyclohexane carbonitrile) may be used. A peroxide, peroxy-acid ester, a peroxy acid, and persulfate may 
also be used. 

[0031] As for an ARC resin binder, it is desirable to have about 10,000,000dalton of the weight average 
molecular weight (Mw) of about 5,000 to about l,000,000dalton and the number average molecular weight 
(Mn) of about 500 to about 1 ,000,000dalton more generally from about 1,000. The molecular weight (Mw 
and Mn) of the polymer of this invention is suitably calculated by the gel permeation chromatography. 
[0032] The resin binder of this invention has less than 200nm and the desirable thing which shows a good 
absorbance especially with the short wavelength of 193nm. even if there are few resin binders with this 
invention more desirable in a detail per micron in about 193nm — the optical density of about 3 absorbances 
(an absorbance/mu), and 193nm of good better ** — setting — about 5 to 20, or the absorbance per micron 
beyond it ~ in 193nm of good better **, it has an absorbance per micron beyond about 8 to 16, or it more. 
The value of the higher absorbance which is the need can be acquired by increasing the percent of the 
chromophore unit of resin to characteristic resin. Moreover, the acid-resisting constituent of this invention 
can contain resin without a phenyl chromophore unit as ****** (co-resin) which coexists with resin with a 
phenyl chromophore unit. 

[0033] The concentration of the resin binder component of the acid-resisting constituent of this invention 
can be changed in the comparatively large range, and, still more generally a resin binder is usually used 95 
percentage by weight from about 50 of all the desiccation components of ARC by the concentration to about 
60 to 90 of all desiccation components (all components except a solvent carrier) percentage by weight. 
[0034] The bridge formation mold ARC of this invention also contains a cross linking agent component or 
the matter. Various cross linking agents can be used and the ARC cross linking agents currently indicated by 
the European Patent application No. 542008 of the aforementioned cypripedium rhe company (Shipley Co.) 
are mentioned into it. As a cross linking agent, especially the cross linking agent of whenever [ like 
methoxymethyl-ized glycouril (glycouril) / low-salt radical ] is desirable. As a desirable cross linking agent, 
there is methoxymethyl-ized glycouril corresponding to the following structure expression IV especially. 
[0035] 
[Formula 9] 

HsCO-x / oc^{ 

N — t — -at rv 

s 



H2C o 



[0036] This methoxymethyl-ized glycouril can be prepared in a well-known procedure. Moreover, this 
compound is marketed by the trade name of the powder link (Powderlink) 1 1 74 from the American 
cyanamide company (American Cyanamid Co.). 

[0037] As a cross linking agent, a hydroxy compound and a multifunctional compound like aromatic series 
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which has a hydroxyalkyl substituent like a phenyl group, at least one hydroxy group, or a CI -8 
hydroxyalkyl substituent especially are mentioned whenever [ other suitable low-salt radical ]. Generally the 
phenyl group or other aromatic compounds which have other compounds with the substituent of a 
dimethanol phenol (C6H3(CH20H)20H), an adjoining hydroxy group (atom of the location of 1-2 of a 
ring), and a hydroxyalkyl radical and at least one hydroxy group which adjoins at least one methanol or 
other hydroxyalkyl ring substituents, and a hydroxyalkyl substituent especially as a phenolic compound are 
desirable. 

[0038] While stiffening an ARC coating layer, in order to cause a catalyst or a promotion operation to the 
reaction of this glycouril compound, the bridge formation mold acid-resisting constituent of this invention 
contains an acid or an acid generator compound further preferably. Preferably, the acid generating 
compound which generates an acid is used at the time of a photolysis or heat treatment. Preferably, a heat 
acid generator, i.e., the compound which generates an acid at the time of heat treatment, is used as an acid 
generator. 2, 4, 4, 6-tetrabromo cyclohexa JIENON, benzoin tosylate, nitrobenzyl tosylate, and various well- 
known heat acid generators especially like the alkyl ester of 4-nitrobenzyl tosylate and other organic 
sulfonic acids are used suitably. Generally the compound which generates a sulfonic acid is suitable at the 
time of activation. Typically, a heat acid generator exists in an acid-resisting constituent more preferably by 
the concentration of about 2 percentage by weight of all desiccation components the 0.5 to 15 percentage by 
weight abbreviation of all the desiccation components of an acid-resisting constituent. As instead of or an 
addition of a heat acid generator, a photo-oxide generating agent can use it as an acid generator, and an ARC 
coating layer blanket is exposed by activation exposure light before spreading of the finished photoresist 
constituent. 

[0039] Moreover, it is used, when it is ARC(s) which need to be heated under existence of an acid to make it 
harden so that an acid may only be blended into the bridge formation mold ARC of this invention and an 
acid may not promote rather the reaction which is not desirable as for a constituent component before use of 
ARC especially instead of an acid generator. As a suitable acid, strong acid like sulfonic acids, such as 
toluenesulfonic acid, a sulfonic acid, and a triflic acid (triflic acid), or those mixture are mentioned, for 
example. 

[0040] This invention also contains the acid-resisting constituent with which remarkable bridge formation 
does not take place in process of use with the photoresist constituent made into the purpose. Such an acid- 
resisting constituent of the mold non-constructing a bridge does not need to include crosslinking reaction for 
induction, the cross linking agent component for making it promote, an acid, or a heat acid generator. In 
other words, generally, such an acid-resisting constituent of the mold non-constructing a bridge does not 
contain essentially (namely, about 1 or under the amount percent of duplexs), or completely the cross 
linking agent component and/or acid source of supply for promoting crosslinking reaction. 
[0041] Moreover, the acid-resisting constituent of this invention contains one or more sorts of photo-oxide 
generating agents (namely, "PAG") suitably used in the amount which controls enough finished notching 
(notching) or the footing (footing) of a photoresist layer which is not desirable, or is prevented substantially 
preferably. In this mode of this invention, a photo-oxide generating agent is not used as an acid source of 
supply for promoting crosslinking reaction, therefore a photo-oxide generating agent is not preferably 
activated substantially in process of bridge formation of an acid-resisting constituent (in the case of the 
bridge formation mold ARC). The acid-resisting constituent PAG should be substantially stable to 
crosslinking reaction conditions so that it may activate in the next exposure process of the photoresist layer 
by which this PAG was finished about the acid-resisting constituent over which a bridge is constructed 
especially thermally and an acid may be generated. When the temperature of about 140 degrees C or 150 
degrees C - 190 degrees C is made to expose especially desirable PAG 30 minutes or more than it from 5 
minutes, it does not decompose or deteriorate substantially. 

[0042] as the desirable photo-oxide generating agent which is generally used for ARC(s) of this invention — 
for example, JI (4-t-buthylphenyl) iodonium onium salt [, such as a perfluoro-octane sulfonate, ], 1, and 1- 
screw [p-chlorophenyl] - in order to use it with the photo-oxide generating agent and photoresist constituent 
of a halogenation non-ion system like 2, 2, and 2-trichloroethane, other photo-oxide generating agents 
currently indicated by this specification are mentioned. The photo-oxide generating agent for acid-resisting 
constituents which acts as a surface active agent at least to some acid-resisting constituents of this invention, 
and gather near the upper part of an acid-resisting constituent layer near the interface of an acid-resisting 
constituent / resist spreading layer is desirable. Long-chain aliphatic series radicals, such as the permutation 
or the unsubstituted alkyl group which follows, for example, has four or more carbon, and six - 15 carbon, 
one piece, one to C15 desirable alkyl that has two or more fluorine substituents preferably or a fluorinated 
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desirable radical like two to CI 5 alkenyl as such desirable PAG, or an alicyclic radical, are mentioned. 
[0043] Less than 200nm, especially the desirable photo-oxide generating agent especially for the acid- 
resisting constituents of this invention is activated, when it exposes with 193nm exposure light, 
consequently an acid-resisting constituent is effectively used with the finished photoresist by which image 
formation is carried out with 193nm light. As for the photo-oxide generating agent of an acid-resisting 
constituent, and the photo-oxide generating agent of a photoresist constituent, activating on the same 
exposure wavelength is desirable. Moreover, the sensitizer blended with a photoresist constituent and/or an 
acid-resisting constituent is used in order to activate certainly the photo-oxide generating agent of both acid 
resisting and a photoresist constituent with single exposure wavelength. 

[0044] Still more preferably, the acid-resisting constituent of this invention is used with a photoresist 
constituent, and in that case, the optical activity compound of the optical activity compound of an acid- 
resisting constituent and a photoresist constituent is the exposure process of a photoresist layer, and 
generates the same or almost same acid compound (Mitsuo product), i.e., the Mitsuo product with a 
desirable similar diffusion property and acid strength, at the time of the exposure to an activation exposure. 
It is found out that the resolution of the relief image of the finished resist improves further by such matching 
of an acid-resisting constituent and each photo-oxide product (photoacid products) of a resist. Here, about 
the ''almost same" acid-resisting constituent of this invention, and the photo-oxide product of a resist, the 
difference of the electric dissociation exponent value (it measures at 25 degrees C) of two Mitsuo products 
is about 2 or 2.5 or less, the differences of the electric dissociation exponent value of two Mitsuo products 
are about 1 thru/or 1.5 or less preferably, and they mean that the difference of the electric dissociation 
exponent value of two Mitsuo products is about 0.75 or less still more preferably. The difference in such 
"almost same" molecular weight of an acid-resisting constituent and the photo-oxide product of a resist is 15 
or less % of good better **** further about 20 or less % more preferably about 40 or less % still more 
preferably, furthermore, an acid-resisting constituent and the Mitsuo product of a resist — for example, both 
the light product — a sulfonic acid or both — halos, such as HBr, — it is desirable that it is the acid of the 
same class mutually so that it may be acids. The amount of suitable PAG can be changed very widely and 
decided easily experientially. Generally, PAG beyond one sort or it of this invention can be suitably used to 
the total weight of an acid-resisting constituent in about 0.25 to 5 percentage by weight, or the amount not 
more than it. Please refer to the below-mentioned example about the typical amount used. Moreover, 
especially the desirable amount of PAG of the acid-resisting constituent of this invention may be changed 
according to the property and processing conditions of a photoresist which are used with an acid-resisting 
constituent. For example, when the photo-oxide generating agent of a photoresist generates a comparatively 
strong acid Mitsuo product and after [ exposure ] baking (PEB) of the photoresist is comparatively carried 
out at low temperature, since it is harder to pyrolyze the photo-oxide product of an acid-resisting constituent 
at such low PEB temperature, the effective acid concentration in the inside of an acid-resisting constituent 
becomes comparatively high. Therefore, the acid-resisting constituent can be effectively blended using a 
comparatively low-concentration photo-oxide generating agent. On the contrary, when after [ exposure ] 
baking (PEB) of the photoresist is comparatively carried out at an elevated temperature, as for a part of 
photo-oxide product of an acid-resisting constituent, a pyrolysis becomes is easier to be carried out. In such 
a case, in order to secure the effective concentration of an optical generation acid and to make into max 
reduction of the footing (footing) which is not desirable, a comparatively high-concentration photo-oxide 
generating agent is blended with an acid-resisting constituent. 

[0045] The acid-resisting constituent of this invention may also contain the color compound of the addition 
which absorbs the exposure light used for exposing the finished photoresist layer again. There is the 
lubricating agent which a surface lubricating agent is mentioned, for example, is marketed by the trade name 
of Silwet (Silwet) 7604 from Union Carbide (Union Carbide), or a surfactant FC430 marketed from the 
three em company (3M) in other additives used if needed. Such a surfactant / a surface lubricating agent are 
desirable. The concentration of a desirable surfactant is 0.7 - 1.0% in solid content more preferably 0.5 to 
15% at solid content. Please refer to the below-mentioned examples 51-55. 

[0046] Although the component of an acid-resisting constituent is dissolved in a suitable solvent in order to 
make a liquefied coating constituent As the solvent, for example Ethyl lactate, Or at least one sort of glycol 
ether like 2-methoxy ethyl ether (jig rim), ethylene glycol monomethyl ether, and propylene glycol 
monomethyl ether; Methoxybutanol, A solvent with both ether part like an ethoxy butanol, methoxy 
propanol, and ethoxy propanol, and hydroxy part; Methyl Cellosolve acetate, The ester like ethyl Cellosolve 
acetate, propylene-glycol-monomethyl-ether acetate, and dipropylene-glycol-monomethyl-ether acetate; 
they are other solvents like a dibasic acid ester, propylene carbonate, and a gamma butyrolactone at a list. 
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The concentration of the desiccation component in a solvent is decided by some factors [ like ] which are the 
method of application. Generally, the amount of solid content of an acid-resisting constituent is about 0.5 to 
20 percentage by weight of the whole quantity of an acid-resisting constituent, and changes preferably up to 
about two to 10 percentage by weight of the whole quantity of an acid-resisting constituent. 
[0047] Various photoresist constituents including the photo-oxide generating constituent of a positive type 
and a negative mold can use it with the acid-resisting constituent of this invention. Preferably, ARC of this 
invention is used with a chemistry magnification positive-resist constituent. Generally the photoresist used 
with ARC of this invention contains a resin binder and an optical active ingredient. 

[0048] Less than 200nm especially of desirable photoresists used with ARC of this invention is designed so 
that image formation may be carried out on the wavelength of 193nm. The desirable resist constituent used 
with ARC of this invention is indicated by the United States patent application number 09th by these people 
submitted on August 28, 1998 / No. 143,462. Especially the desirable resist resin binder used with ARC of 
this invention has the ester repeat unit containing the non-annular one of five or more carbon or the alkyl 
group of a single ring like the ester in which the structures 1-17 of a degree type carried out suspension, and 
two or more the second class carbon or the third class carbon radicals in which photo-oxide susceptibility 
carried out suspension, the substituent Y shown in the formula — desirable ~ hydrogen or methyl — it is 
methyl more preferably. 
[0049] 

[Formula 10] 

& <h- 4r* 
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[0050] Moreover, the polymer as a resist resin binder component may have other units, such as a cyano 
group which carried out suspension, and an itaconic-acid-anhydride radical. Preferably, the direct 
suspension of the itaconic-acid-anhydride part is carried out to a polymer principal chain, namely, the direct 
suspension of this part is carried out to a polymer joint radical, without having the alkylene group which 
intervenes between a polymer joint radical and an itaconic-acid-anhydride radical, an aryl group, or other 
radicals. On the other hand, although the direct suspension of the cyano group is preferably carried out to a 
polymer principal chain, a joint radical may intervene between a cyano group and a polymer joint radical. 
[005 1] As long as the polymer used for the resin binder of the resist of this invention is a request, it may 
contain units, such as a radical which contributes to the drainage system development nature of a photoresist 
further. For example, as a desirable polymer radical which contributes to drainage system development 
nature, acrylic-acid, methacrylic-acid, and methacrylic-acid-2-hydroxyethyl, a carboxy part which is 
obtained by the polymerization of other monomers, or a hydroxy part is mentioned. As other desirable 
polymer units, the unit acquired by polymerizations, such as vinyl alicyclic radicals, such as methacrylic- 
acid-2-adamanthyl-2-methyl and methacrylic-acid isobornyl, or an un-annular alkyl group like t-butyl 
methacrylate, for example is included. Generally, the desirable acid susceptibility (acid labile) polymer used 
for the chemistry magnification photoresist of this invention has one or more polymerization units of the 
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monomer of methacrylic-acid isobornyl, a methacrylonitrile, itaconic acid anhydride, a methacrylic acid, t- 
butyl methacrylate, methacrylic-acid-2-methyl-2-adamanthyl or a methacrylic acid -2, and 3-dimethyl-2- 
butyL 

[0052] The sulfonate photo-oxide generating agent which included sulfonation ester and sulfonyl oxyketone 
in a non-ion system organic light activity compound like the halogenation light activity compound currently 
indicated by U.S. Pat. No. 5,128,232 (Thackeray, et al.) which is indicated by this invention at U.S. Pat. No. 
4,442,197 by which the citation publication is carried out, No. 4,603,101, and No. 4,624,912 as a photo- 
oxide generating agent compound of the suitable resin used with ARC of this invention, such as an onium 
salt and Thackeray, and the list is mentioned. Please refer to "journal OBU photopolymer Science and 
technology" (340 J. of Photopolymer Science and Technology, 4(3):337- 1991) about the indication of the 
suitable sulfonate PAG containing benzoin tosylate, t-buthylphenyl alpha (p-toluenesulfonyloxy)-acetate, 
and t-butyl alpha (p-toluenesulfonyloxy)-acetate. The desirable sulfonate PAG is indicated by U.S. Pat. No. 
5,344,742 of a sinter (Sinta, etal.). 

[0053] As suitable PAG for photoresists used with ARC of this invention, the imide sulfonates like the 

compound of a degree type are mentioned. 

[0054] 

[Formula 11] 



[0055] (R is perfluoro-alkyls, such as perfluoro-[ camphor, adamantane, alkyl (for example, one to CI 2 
alkyl), and ] (one to CI 2 alkyl), especially a perfluoro-octane sulfonate, a perfluoro-nonane sulfonate, etc. 
among a formula.) Especially desirable PAG is N- [(perfluoro-octane sulfonyl) oxy-]-5-norbornene -2 and 3- 
dicarboxyimide. 

[0056] Moreover, PAG1 and PAG2 of a degree type are suitable as resin used with ARC of this invention. 
[0057] 

[Formula 12] 



[0058] Such a sulfonate compound is prepared as indicated by the European Patent application No. (public 
notice number No. 0783136) 961181112 which is describing composition of the above PAG 1 in the detail. 
If an outline is described, PAG1 trickles a sulfuric acid into the mixture of a potassium iodate, t- 
butylbenzene, and an acetic anhydride, it will be made to react, cooling by the ice bath, and will be prepared. 
Subsequently, a reaction mixture is agitated at a room temperature for about 22 hours, and water is added, 
and it cools to about 5-10 degrees C, and, subsequently washes by the hexane. Then, the water solution of 
diaryl iodonium and a hydrogensulfate is cooled to about 5-10 degrees C, a camphor sulfonic acid is added, 
and ammonium hydroxide neutralizes further. 

[0059] Moreover, said two sorts of iodonium compounds in which the anions and complexes other than the 
above-mentioned camphor sulfonate radical and a perfluoro-octane sulfonate radical were formed are also 
suitable. Especially, as a desirable anion, what is shown by formula RS03- is mentioned. R is other 
perfluoro-alkyls, such as perfluoro-[ adamantane, alkyl (for example, one to C12 alkyl), and ] (one to C12 
alkyl), especially a perfluoro-butane sulfonate, etc. among a formula. 

[0060] Other well-known PAG can be used into the resin used according to this invention. It is PAG which 
does not have an aromatic series radical like the above-mentioned imide sulfonate for 1 93nm image 
formation in order that desirable one may generally raise the transparency of a resist. 
[0061] If it is a request, as a desirable additive of the resin of this invention, an addition base, the 
tetrabutylammonium hydroxide (TBAH) which raises the resolution of the resist relief image developed 
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especially, or lactic-acid tetrabutylammonium will be mentioned. It is hindered amine [ like a diazo bicyclo 
undecane or diazo bicyclo nonene to the resist which carries out image formation by 193nm ] whose 
desirable addition base is. an addition base — for example, about 0.03 to 5 percentage by weight of total 
solids - small quantity is used comparatively suitably. 

[0062] If the photoresist of this invention is a request, it can contain other matter again. For example, a 
striation inhibitor, a plasticizer, an accelerating agent, etc. are mentioned as other additives as occasion 
demands. For example, as for the additive used such if needed except for a bulking agent and a color with a 
thing like the amount of about five to 30 percentage by weight of the total weight of a resist desiccation 
component comparatively existed by high concentration, it is common to exist in a photoresist constituent 
by low concentration. 

[0063] ARC of this invention which contains a cross linking agent whenever [ like suitable glycouril / low- 
salt radical ] is useful especially if a strong acid Mitsuo product like a triflic acid, sulfonic-acid camphor, 
other sulfonic acids, or other acids with about two or less electric dissociation exponent (25 degrees C) is 
used with the photoresist generated at the time of exposure. Since there is quite little optical type-of- 
seasonal-prevalence strong acid which moves from a resist and remains into an ARC layer compared with 
ARC of the congener containing a more basic cross linking agent, without being bound by the theory, if 
ARC(s) of this invention are used with such a strong acid resist, it will be thought especially that it is 
effective. That is, a cross linking agent has few extent of association with the optical type-of-seasonal- 
prevalence strong acid of the finished resist layer compared with a more basic ARC cross linking agent 
whenever [ low-salt radical / of this invention ]. Consequently, disappearance of an acid decreases from a 
resist layer and it is avoided whether the problem of resolution like a potential footing (footing) decreases. 
[0064] In use, the acid-resisting constituent of this invention is applied to a substrate as a spreading layer by 
either of various approaches like spin coating. An acid-resisting constituent is usually preferably applied to a 
substrate by the thickness of about 0.04 and the desiccation layer between 0.20 micrometers in the thickness 
of about 0.02 and the desiccation layer between 0.5 micrometers. The substrate is suitable at any substrate 
currently used from the former in the process relevant to a photoresist. For example, as this substrate, the 
micro electronic wafer of silicon, diacid-ized silicon, or an aluminum-aluminum oxide etc. is possible. 
Gallium arsenide, a ceramic, a quartz, or a copper substrate may also be used. The substrate used for 
monotonous panel displays, such as a liquid crystal display or a glass substrate, and an indium tin oxide 
coating substrate, is also used. 

[0065] Preferably, before a photoresist constituent is applied on ARC, it is good to harden an acid 
resistibility layer. Hardening conditions change with ARC components. Therefore, when this constituent 
does not contain an acid or an acid generator, curing temperature and conditions are severer than the case of 
the constituent containing an acid or an acid generator compound. Typical hardening conditions are for 
about 0.5 - 40 minutes at about 120 degrees C - 225 degrees C. The hardening conditions which make not 
only an alkaline development water solution but a photoresist solvent insolubilize an ARC coating layer 
substantially are desirable. 

[0066] After such hardening, a photoresist is applied on the surface of ARC. A photoresist can be applied 
like spreading of ARC with any usual means so that according to rotation, immersion, a meniscus 
(meniscus), or roll coating. Generally after spreading dries a photoresist coating layer with heating, and it 
removes a solvent until a resist layer becomes non-adhesiveness preferably. It should be made for an ARC 
layer and a photoresist layer not to be mixed mutually in essence the optimal. 

[0067] Next, an image is made to form in a resist layer by activation exposure through a mask by the 
conventional approach. In order to activate the optical active ingredient of a resist system effectively, the 
image patternized by the resist coating layer is formed by sufficient exposure energy. In more detail, 
although exposure energy is based on an exposure device, generally it is the range of about 3 to 300 
mJ/cm2. the difference of the solubility between the field where the coating layer was exposed, and the field 
which is not exposed is made, or in order to boil the difference greatly and to carry out it, baking after 
exposure may be given to the exposed resist layer. For example, in order that the acid hardening mold 
photoresist of a negative mold may carry out induction of the acid promotion mold crosslinking reaction, 
generally heating after exposure is needed, and on the other hand, many chemistry magnification mold 
positives resist need heating after exposing in order to perform an acid promotion mold deprotection 
reaction, general — as the baking conditions after exposure — the temperature of about 50 degrees C or more 
— the temperature of the range of about 50 degrees C - 160 degrees C is mentioned in more detail. 
[0068] Subsequently, although the exposed resist enveloping layer is developed, it is desirable to use an 
aquosity developer like the inorganic alkali which makes an example organic alkali like the example of 
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tetrabutylammonium hydroxide or a sodium hydroxide, a potassium hydroxide, a sodium carbonate, a 
sodium hydrogencarbonate, a sodium silicate, a meta-sodium silicate, aqueous ammonia, etc. An organic 
developer can be used as an option. Generally, development is based on the approach well learned to this 
contractor. 

[0069] Next, the developed substrate can etch or plate chemically the substrate field where the photoresist 
was exposed to the substrate field to which the photoresist was exposed by alternative processing, for 
example, this contractor, according to the well-known procedure. As a suitable etching agent, a 
hydrofluoric-acid etching solution and a plasma gas etching agent like an oxygen plasma-etching agent are 
mentioned. A plasma gas etching agent removes the antihalation coating layer over which the bridge was 
constructed. 
[0070] 

[Example] All the reference stated by this invention is referred to in this invention. The following examples 
do not illustrate this invention and do not limit it. 

[0071] Example 1-3 : Synthetic example of a polymer 1 : The mole ratio compounded the 3 yuan copolymer 
which consists of the monomer of the styrene and methacrylic-acid-2-hydroxyethyl which are 30:38:32, and 
a methyl methacrylate with the following procedures. The monomer (styrene of 99% of Aldrich purity 
169. 79g; 173.97g of methyl methacrylates by methacrylic-acid-2 -hydroxy ethyl 269. 10g;, the loam, and 
HASU of "ROKURIRU 400 (Rocryl400)" made from loam and HASU) was dissolved in 2,3 75g THF in the 
up agitator, the condenser, and the 3 opening round bottom flask of 5L which attached the nitrogen inlet. 
Nitrogen was poured for 20 minutes in the reaction solution, and degasifying was performed. 1 1.63g of Du 
Pont initiators Vazo52 was added to the solution, and it maintained at this temperature for 15 hours, 
performing a heating ring current (65 to 67 degree C). After cooling a reaction solution to a room 
temperature, it was made to precipitate in MTBE/cyclohexane (volume/volume 1/1) 12L. Polymers were 
collected with vacuum filtration and it dried in the 48-hour vacuum at 50 degrees C. Yield is 68% and 
subsequent analysis showed that residual monomers were 2.4 % of the weight, Tg=92 degree C, and Td=239 
degree C. The percentage of the mol concentration of BAZO 52 initiator to the sum total of the mol 
concentration of a monomer was 0.72%. The molecular weight analysis by gel permeation chromatography 
(gel permeation chromatography) showed that it was Mw=22,416 and Mn= 10,031. 
[0072] Example 2-3 : The copolymer of 3 yuan with an another styrene:methacrylic-acid-2- 
hydroxyethyl: methyl methacrylate was compounded like the procedure of an example 1 except having 
changed mol % of the amount of injection monomers according to the following. 

Example 2 : Polymer compounded by the ratio 12:38:50 of mol %. t-butyl methyl ether (5,000mL) was used 
as a precipitate solvent. Yield was 168g (84% of a theoretical value). The results of the molecular-weight 
analysis by gel permeation chromatography are Mw=19,612 and Mn= 10,434 in a relative value with the 
correlation sample of polystyrene, and it turned out that they are Tg=76 degree C and Td=201 degree C as a 
result of subsequent analysis. 

[0073] Example 3 : 3 yuan copolymer which consists of the styrene, the methacrylic-acid-2 -hydroxy ethyl, 
and the methyl-methacrylate monomer of the mol % ratio 18:38:44. The hexane (4,500mL) was used as a 
precipitate solvent. Yield was 68g (79% of a theoretical value). The results of the molecular-weight analysis 
by gel permeation chromatography are Mw=22,712 and Mn=l 1,564 in a relative value with the correlation 
sample of polystyrene, and it turned out that it is Tg=107 degree C as a result of subsequent analysis. 
[0074] Example 4 : According to the procedure of an example 1, the 3 yuan copolymer of a 
styrene:methacrylic-acid-2-hydroxyethyl:methyl methacrylate was compounded by the mol % ratio 
30:38:32 of a monomer using the 0.36-mol % of initiator Vazo52. The results of the molecular-weight 
analysis by gel permeation chromatography were Mw=54,502 and Mn=22,495 in the relative value with the 
correlation sample of polystyrene. 

[0075] Example 5 : According to the procedure of an example 1, the 4 yuan copolymer of 
styrene:methacrylic-acid-2-hydronalium:methyl-methacrylate:n-butyl methacrylate was compounded by the 
mol % ratio 30:38:31 : 1 using the 0.72-mol % of initiator Vazo52. The results of the molecular-weight 
analysis by gel permeation chromatography are Mw=22,646 and Mn= 10,307 in a relative value with the 
correlation sample of polystyrene, and it turned out that they are Tg=74 degree C and Td=33 1 degree C as a 
result of subsequent analysis. 

[0076] Example 6 : According to the procedure of an example 1 , the 3 yuan copolymer of a 4-acetoxy 
styrene:methacrylic-acid-2-hydroxyethyl:methyl methacrylate was compounded by the mol % ratio 
18:38:44 using the 0.36-mol % of initiator Vazo52. Polymer yield was 84%. The results of the molecular- 
weight analysis by gel permeation chromatography are Mw=73,888 and Mn=29,973 in a relative value with 
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the correlation sample of polystyrene, and it turned out that they are Tg=74 degree C and Td=247 degree C 
as a result of subsequent analysis. 

[0077] Example 7 : According to the procedure of an example 1 , the 3 yuan copolymer of a methacrylic- 
acid phenyl:methacrylic-acid-2-hydroxyethyl:methyl methacrylate was compounded by the mol % ratio 
30:38:32 using the 0.36-mol % of initiator Vazo52. Yield was 94%. The results of the molecular-weight 
analysis by gel permeation chromatography are Mw=l 1 1,039 and Mn=26,866 in a relative value with the 
correlation sample of polystyrene, and it turned out that they are Tg=91 degree C and Td=242 degree C as a 
result of subsequent analysis. 

[0078] Example 8 : According to the procedure of an example 1 , the 3 yuan copolymer of a methacrylic- 
acid benzyl: methacrylic-acid-2-hydroxyethyl:methyl methacrylate was compounded by the mol % ratio 
1 8:38:44 using the 0.91 -mol % of initiator Vazo52. Polymer yield was 99%. The results of the molecular- 
weight analysis by gel permeation chromatography were Mw=21,614 and Mn=l 1,379 in the relative value 
with the correlation sample of polystyrene. 

[0079] example 9 : the procedure of an example 1 - following - 0.91 -mol % of an initiator (BAZO 52) - 
using — a mol — the 3 yuan copolymer of a methacrylic-acid-2-phenylethyl:methacrylic-acid-2- 
hydroxy: methyl methacrylate was compounded by the % ratio 18:38:44. Polymer yield was 98%. The 
results of the molecular-weight analysis by gel permeation chromatography were Mw=29,008 and 
Mn=15,956 in the relative value with the correlation sample of polystyrene. 

[0080] Example 10 : According to the following procedures, the antireflection coating (ARC) constituent 
was prepared using the polymer of an example 1. Polymer 1.2175g of an example 1, tetramethoxy methyl 
GURIKORURIRU( American cyanamide company make) 0.225g, 0.0075g of p-toluenesulfonic acid, FC- 
430 (3 M company make) 0.0135g, JI (4-t-buthylphenyl) iodonium Perfluoro-octane sulfonate (product 
made from DEIKEMU) 0.0965g, and propylene glycol Weighing capacity of the monomethyl ether alcohol 
("Dowanol PM", Dow-Jones company make) 48.44g was carried out, and it put into the bottle of 100mL(s), 
it placed on the roller, and the dissolution was promoted. After dissolving, the ARC constituent was filtered 
through the Teflon filter (0. 1 micrometers or 0.2 micrometers), and it put into the pure bottle. 
[0081] Example 1 1 : According to the following procedures, the antireflection coating (ARC) constituent 
was prepared using the polymer of an example 1. Polymer 1.2175g of an example 1, tetramethoxy methyl 
GURIKORURIRU( American cyanamide company make) 0.1 50g, 0.075g ("Cymel303") of hexamethoxy 
melamine mixture, 0.0075g of p-toluenesulfonic acid, FC-430 (3 M company make) 0.01 35g, JI (4-t- 
buthylphenyl) iodonium monomethyl ether alcohol Perfluoro-octane sulfonate (product made from 
DEIKEMU) 0.0965g, and propylene glycol ("Dowanol PM" --) Weighing capacity of the 48.44by Dow- 
Jones company g was carried out, and it put into the bottle of 100mL(s), it placed on the roller, and the 
dissolution was promoted. After dissolving, the ARC constituent was filtered through the Teflon filter (0.1 
micrometers or 0.2 micrometers), and it put into the pure bottle. 

[0082] Example 12 : According to the following procedures, the antireflection coating (ARC) constituent 
was prepared using the polymer of an example 1. Polymer 4.57 lg of an example 1, tetramethoxy methyl 
GURIKORURIRU( American cyanamide company make) 0.8438g, p-nitrobenzyl tosylate 0.028 lg, FC-430 
(3 M company make) 0.0450g, JI (4-t-buthylphenyl) iodonium Weighing capacity of perfluoro-octane 
sulfonate (product made from DEIKEMU) 0.1371g and the propylene-glycol-monomethyl-ether alcoholic 
("Dowanol PM", the Dow-Jones company make) 48.44g was carried out, and it put into the bottle of 500mL 
(s), it placed on the roller, and the dissolution was promoted. After dissolving, the ARC constituent was 
filtered through the Teflon filter (0.1 micrometers or 0.2 micrometers), and it put into the pure bottle. 
[0083] Example 1 3 : According to the following procedures, the antireflection coating (ARC) constituent 
was prepared using the polymer of an example 1. Polymer 1.314g, tetramethoxy methyl GURIKORURIRU 
(American cyanamide company make) 0.225g, 0.0075g of p-toluenesulfonic acid, FC-430 (3 M company 
make) 0.01 3 5g, and propylene glycol of an example 1 Weighing capacity of the monomethyl ether alcohol 
("Dowanol PM", Dow-Jones company make) 48.44g was carried out, and it put into the bottle of 100mL(s), 
it placed on the roller, and the dissolution was promoted. After dissolving, the ARC constituent was filtered 
using the Teflon filter (0.1 micrometers or 0.2 micrometers), and it put into the pure bottle. 
[0084] Example 14-18 : Except having changed the amount of p-toluenesulfonic acid and tetramethoxy 
methyl GURIKORURIRU, the acid-resisting constituent was prepared using the example 13, the very 
similar procedure, and the presentation. The percentage by weight of these [ to the whole quantity of the 
solid content in a constituent ] two components is shown in Table 1 . 
[0085] 
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[0086] Example 19-23 Except having changed the amount of FC430, the acid-resisting constituent was 
prepared using the example 13, the very similar procedure, and the presentation. The percentage by weight 
of this component to the whole quantity of the solid content in a constituent is shown in Table 2. 
[0087] 
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[0088] Example 24-25 : The weight of each component in a constituent is made to be the following. The 
acid-resisting constituent was prepared using the example 13, the very similar procedure, and the 
presentation. : Polymer 0.6102g, tetramethoxy methyl GURIKORURIRU( American cyanamide company 
company make) 0.1 125g, 0.0030g of p-toluenesulfonic acid, FC-430 (3 M company make) 0.0060g, JI (4-t- 
buthylphenyl) iodonium Perfluoro-octane sulfonate (product made from DEIKEMU) 0.0183g, and 
propylene glycol Monomethyl ether alcohol ("Dowanol PM", Dow-Jones company make) 24.25g. These 
constituents are indicated to Table 3. 

[0089] Table 3: ARC constituent example Example 24 of the used polymer 825 9 [0090] Example 26-32 : 
The weight of each component in a constituent is made to be the following. The acid-resisting constituent 
was prepared using the example 13, the very similar procedure, and the presentation. : Polymer 0.974g, 
tetramethoxy methyl GURIKORURIRU( American cyanamide company company make) 0.1 80g, 0.0060g of 
p-toluenesulfonic acid, FC-430 (3 M company make) 0.0108g, JI (4-t-buthylphenyl) iodonium Perfluoro- 
octane sulfonate (product made from DEIKEMU) 0.0292g, and propylene glycol Monomethyl ether alcohol 
("DowanoLPM", Dow-Jones company make) 38.80g. These constituents are indicated to Table 4. 
[0091] Table 4: ARC constituent example The example 26 of the used polymer 127 428 629 730 231 332 5 
[0092] Example 33-35 : Spin coating of the optical test ARC constituent of an ARC constituent was carried 
out on 200mm Si wafer, and baking was performed for 90 seconds at 215 degrees C on 150 micrometer 
contiguity hot plate of non-contact types using new style FSI wafer spreading Rhine (wafer coating track). 
The ARC film was measured using the Warren polarization analysis mold refractive-index meter (Wollem 
ellipsometer) (Lincoln NE), and the quantum of the optical refractive indexes n and k in 193nm (it is actual 
reaching imagination) was carried out. The refractive index of imagination is correlated with the 
membranous absorbance. : In order to minimize the reflection factor of a membranous lap, minimizing ARC 
thickness, the value of k needs to be 0.3 or more. The most desirable value of k is about 0.4 or more. These 
values are indicated to Table 5. 
[0093] 
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[0094] These data show that it has the refractive index of remarkable low imagination compared with the 
value desired in order that the cypripedium rhe AR 2 which is a comparison ingredient, i.e., the ARC 
ingredient for commerce which is designed in order to use it in 248nm, and is used widely, may minimize a 
reflection factor in 193nm. These data show that k value of a constituent 30-32 increases again, so that the 
phenyl part in a polymer (introduced through the styrene monomer in this case) increases. A phenyl group is 
a good chromophore in 1 93nm, and this invention persons believe that he can obtain the refractive index of 
desirable imagination, and k by choosing the ideal concentration of the phenyl group in a polymer. 
[0095] Example 36-40 : The insoluble evaluation ARC film of ARC behind baking is strongly wanted to 
harden between coating and a baking process and to become an insusceptibility in a subsequent lithography 
(lithography) processing phase to the photoresist by which coating is carried out succeedingly as a result. In 
this invention, hardening of ARC in baking is attained through bridge formation by the chemical acid 
catalyst of a polymer. Lithography processing without the newest defect used especially in semi-conductor 
manufacture does not have Society for Cutting Up Men (scum), residue, and the flare (flare) in the interface 
of the pattern of a resist, and an ARC coating substrate as much as possible, and it is being required that the 
sharpness of an image edge excellent in one side should be maintained. The pattern of a resist must be 
pasted up well between [ ARC ] the phases of a lithography process again, both the ARC film that this 
invention persons hardened with the resist in order to fill these demands — being mixed ~ it is believed that- 
izing should be carried out [ minimum ] as much as possible. About the ARC film which some hardened, it 
considered quantifying whether it has the susceptibility over the dissolution or swelling in the ethyl lactate 
which are those typical solvents for resist coatings currently used commercially. Therefore, the ARC 
constituent was coated on Si, baking was performed for 60 seconds at 215 degrees C, and the film with a 
thickness of 60nm was obtained. Thickness was measured by 1 1 places using the nano metrics 
(Nanometrics) 215AFT thickness measurement machine. Subsequently, the ARC spreading wafer was 
immersed in the beaker into which the ethyl lactate solvent was put for 60 seconds. The wafer was air-dried, 
after being water and failing to rinse ethyl lactate. Thickness was measured in the same part using the same 
measuring instrument, and change of thickness was recorded. A result is shown in Table 6. 
[0096] 
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[0097] As for an example 38-40, constituents 16, 17, and 18 show that it is an insusceptibility to either the 
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dissolution or swelling in an ethyl lactate solvent. This affirmative result suggests what the interface clear as 
a result will be formed for between a resist pattern and the ARC film between the pattern formation by 
lithography with these standard constituents. The example 36-37 shows some dissolutions of ARC in the 
resist solvent, and lithography processing came out not good about 38 to 40 example, and it has suggested a 
certain thing. The constituent 16-18 had the concentration (0.3%-0.5%) of a high acid by the inside of the 
original ARC constituent compared with the examples 14 and 15 with the lower (0.1%) concentration of 
toluenesulfonic acid. As a result, the concentration of the desirable acid in an ARC constituent is larger than 
0. 1%, and is 0.3% or more more preferably. Although it does not adhere to the theory, it is believed that 
higher acid concentration brings about high crosslinking density rather than it can set on the ARC film in 
baking, and it makes the film an insusceptibility more to the attack of a solvent. Therefore, the concentration 
of at least 0.3% of toluenesulfonic acid was used for evaluation of future ARC ingredients and a constituent. 

[0098] Example 41-42 : Resist constituent perphloro-octane sulfonate-norbornene dicarboxyimide 0.524g 
used for the performance evaluation of ARC, JI (4-t-buthylphenyl) iodonium The combination of perfluoro- 
octane sulfonate (DTBIPFOS) 0.0449g and a binder polymer a 1 and 8-diazabicyclo [5, 4, 0] undeca-7-en 
(the Aldrich make --) 0.0045g of U.S., and Silwet 7604 (Silwet [7604 ] and the Dow Corning make --) By 
dissolving into the stock solution containing 0.0075g of U.S., and propylene glycol methyl ether acetate 
(Dow-Jones company make, U.S.) 43.5g, the suitable photoresist constituent for a lithography test was 
prepared. In order to promote the dissolution of DTBIPFOS, this compound was added to the resist 
constituent as a 5% solution of ethyl lactate. After dissolving, the resist constituent was filtered through the 
Teflon filter (0.1 micrometers or 0.2 micrometers), and it put into the pure bottle. 

[0099] Example 41 : The binder polymer obtained by making the supply mole ratio of methacrylic-acid 
isobornylrt-butyl methacrylate:methacrylic-acid:methacrylonitrile:itaconic acid anhydride the indicated 
resist constituent 31:22:10:14:23 was used. The following procedures adjusted this polymer. The anhydrous 
tetrahydrofuran of 12.54g [ of itaconic acid anhydride ], 15.20g [ of t-butyl methacrylate ], and 
methacrylonitrile 4.58g, 4.28g [ of methacrylic acids ], and methacrylic-acid isobornyl 33.57g and 100mL(s) 
was put into the flask of 500mL(s). The purity of all reagents was at least 99%. The magnetic type stirring 
rod, the condensation machine, and the wax for pouring were attached in the flask. In advance of the 
reaction, all the components were purged for 20 minutes with nitrogen gas. The free radical initiator 52 and 
Vazo 0.75g and anhydrous tetrahydrofuran 25mL were put into the wax for pouring. The temperature up of 
the solution was carried out to 70 degrees C, and, subsequently the initiator was poured over 20 minutes. 
The flask was kept at 70 degrees C for 14 hours, and it cooled to the room temperature after that. It was 
made to precipitate in the hexane of 3L, it dried in the Buchner wax and (Buchner funnel), and the polymer 
was obtained. Subsequently, the polymer was remelted in the acetone of 120mL(s), and it reprecipitated in 
the hexane of 3L, and brought together in the Buchner wax and the top. Overnight desiccation of the 
polymer was carried out at the room temperature in vacuum oven. Yield was 49.96g (66%). 
[0100] Example 42 : The binder polymer obtained by making the supply mole ratio of the methacrylic-acid 
isobornykmethacrylic acid -2 and 3-dimethyl butyl:t-butyl methacrylate:methacrylic- 
acid:methacrylonitrile:itaconic acid anhydride the indicated resist constituent 15:10:28:10:14:23 was used. 
The following procedures adjusted this polymer. The procedure similar to an example 41 adjusted this 
polymer. A methacrylic acid -2 and 3-dimethyl butyl were compounded with the following procedures. It 
put into the flask of 500mL(s) which put in the stirring rod for tetrahydrofuransg [ 180 ] and 2 and 3- 
dimethyl-l-butanol 40g and anhydrous triethylamine 40.93g, and attached the condensation machine under 
N2 ambient atmosphere. It added, while methacrylic-acid chloride 40.927g refined to this was dropped from 
the wax for pouring. It reacted by heating quietly. After stirring for 24 hours, the tetrahydrofuran was 
evaporated from the solution using the rotating type evaporator, and the ethyl acetate of lOOmL was added. 
Subsequently, the salt was carried out the ** exception through the Buchner wax. Use of a rotating type 
evaporator removed ethyl acetate. The vacuum distillation cylinder equipped with a 8 inches BIGURO 
column (Vigreaux column), a stirring rod, and some small zeolites was prepared. Fractional distillation was 
carried out and 19.8g of products was collected as a fraction which has the boiling point of about 80 to 87 
degree C under the pressure of 6 to 7 torrs. Structure and purity were checked using 1HNMR. 
[0101] Example 43-64 : In order to evaluate the engine performance of the pattern formation resolution by 
the lithography of the resist on an ARC constituent, the property which used high-pressure cross-section 
scanning electron microscopy, and was able to be burned was inspected. The degree of minimum solution 
image in the grid image of the pitch of 1 :1 When the 160nm line of 1:1 and the 160nm tooth space which 
were formed on the mask choose light exposure which is substantially measured with the dimension of 
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160nm actually, respectively Subsequently, it evaluated by measuring that the line (full-thickness line) of 
the min which held predetermined thickness substantially developed by clarification has a smooth crowning, 
and residue does not remain on a substrate. A sensitization rate is expressed with light exposure required to 
form such a pattern. It turns out that a sensitization rate does not change remarkably even if ARC 
constituents differ. The resist constituent of an example 41 showed the sensitization rate of about 29 
mJ/cm2, and the resist constituent of an example 42 showed the sensitization rate of about 24 mJ/cm2. On 
the newest wafer processing equipment (EFUESUAI and S buoy G company (FSIand SVG Companies) 
make), lithography processing was carried out using the both sides of a silicon wafer (150mm and 200mm). 
All processings were performed in the ambient atmosphere which does not have a basic pollutant 
substantially (a measurement amine / less than [ ammonia 5ppb ]). The ARC constituent was applied to the 
wafer in advance of subsequent processing. The spin coat of the ARC film was carried out with a suitable 
rotational speed chosen so that the thickness of about 65nm might be given, and it baked at 215 degrees C. 
The spin coat of the photoresist was carried out on the wafer by about 3,000 rpm, baking was performed on 
150 micrometer contiguity hot plate (proximity-gap plate) of non-contact types (spreading postcure (PAB)), 
it cooled to the room temperature quickly after that, and 4,200A thickness was obtained. Subsequently, to 
this film, it is GCA0.60NA. On ArF (193nm) wafer Tepper, it exposed by partial coherence (coherence) 
setup 0.70 using the resolution test pattern. After that, immediately, baking was performed on 150 
micrometer contiguity hot plate of non-contact types (exposure postcure (PEB)), and this film was quickly 
cooled to the room temperature. This film was immediately developed with 0.26-N tetramethylammonium 
hydroxide developer of British Standard after that at the 60-second single paddle type process (60 second 
track-single-puddle process) of British Standard. 

[0102] Table 7: Lithography test-result ResL of the resist constituent on ARC expresses the resolution in Es. 
PAB and PEB are the units of **, and ResL is expressed with the unit of nm. DUV-1 8 J are the ARC product 
currently used commercially, it is marketed from BURYUWA Saiensu-Sha (Brewer Scienceslncorporated) 
of Missouri, and AR2 is an ARC product which is marketed from the cypripedium rhe company (Shipley 
Company) of Massachusetts, and is used commercially. 



[0103] 

mmm 


ARC 




h 

PAB 


PEB 


ResL 




44- it® 


DUY18J 


41 


140 


155 


>160 


Xii A^Ji ; 7 1/7 


45-Jttt 


AR2 


41 


140 


155 


N/A 




46 


10 


41 


140 


155 


150 




47 


11 


41 


140 


155 


150 


x y iSt&Z&K? 


48 


12 


41 


140 


155 


150 




49 


13 


42 


140 


150 


140 




50 


16 


41 


140 


155 


150 




51 


19 


41 


140 


155 


150 




52 


20 


41 


140 


155 


150 




53 


21 


41 


140 


155 


150 




[0104] 








<«*) 






54 


22 


41 


140 


155 


150 




55 


23 


41 


140 


155 


150 


& 


56-Jt^ 


24 


41 


140 


155 


160 


7 A 


57-i£® 


25 


41 


140 


155 


155 


7 U7#£XfXlJ2* 


58 


26 


41 


140 


155 


150 




59 


27 


41 


140 


155 


150 





http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje 4/29/2005 



JP,2000-187331,A [DETAILED DESCRIPTION] Page 17 of 17 



60 


28 


41 


140 


155 


150 




61 


29 


41 


140 


155 


150 




62 


30 


41 


140 


155 


150 




63 


31 


41 


140 


155 


150 


vmz&ft 


64 


32 


41 


140 


155 


150 





[0105] The constituent of consideration this invention of an example 17-32 can bring about suitable 
remarkable highly efficient ARC(s) for the manufacture application of a semi-conductor, the quality of the 
interface between a resist pattern and an ARC under-coating layer — more — clear — more -- residue — few - 
- and ARC constituent 46- the resolution of 49, 53, and 58-61 has exceeded the resolution of DUV-18J 
which are the conventional ARC ingredient, and AR2. ARC constituent 46- the engine performance of 49, 
53, and 58-61 has exceeded the engine performance of the examples 56 and 57 for a comparison again, 
constituent 46- the engine performance which was excellent in 49, 53, and 58-61 shows again that the best 
result is obtained, when a polymer does not have alkyl mediation group (alkyl spacer group) structure 
between a polymer chain and a phenyl chromophore (for example, methacrylic-acid benzyl in the 
methacrylic-acid phenyl in an example 56, or an example 57). 

[0106] Example 65: The first purpose which uses ARC in the test lithography process of the reflex 
inhibition is minimizing the fluctuation looked at by the observation sensitization rate as it changes 
minimizing the "oscillating curve" ("swing curve") of a resist, i.e., the thickness of a resist. In order to 
evaluate the reflex inhibition, the resist of an example 49 was processed by the lithography-technique on 
ARC of an example 13 according to the process of an example 44-64, and the same process. However, ARC 
thickness was kept at 82.5mm as an exception, and the thickness of the resist film was changed into 500nm 
from 400nm by changing the rate of spin coating. The light exposure (E0) which pattern formation takes as 
a sensitization rate was measured. The data is shown in the following table 8. 
[0107] 

Table 8: Sensitization rate of surveyed resist, and E zero-pair example 13 The resist thickness on ARC 
Resist thickness (nm) A sensitization rate, E0 (mJ/cm2) 402 7.8 412 7.7 423 7.5 429 7.5 463 8.0 471 7.9 492 
7.8 [0108] The greatest range of fluctuation in fluctuation of Esurveyed 0 is 8.0-7.5=0.5 mJ/cm2. This is 
fluctuation of a very small sensitization rate, and is permitted also to almost all the newest lithography 
process. This small value shows that the constituent of this invention is effective in controlling reflection of 
the light from a substrate during the exposure in 193nm. 

[0109] The old publication of this invention can make modification and correction, without separating from 
the range or pneuma of this invention so that it may be for only illustrating it and may explain in the 
following claims. 



[Translation done.] 



http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgL.ejje 4/29/2005 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of the original 
documents submitted by the applicant: 

Defects in the images include but are not limited to the items checked: 

Ef BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 

□ FADED TEXT OR DRAWING 
5KBLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

fcf COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ gray scale documents 

Klines or marks on original document 

□ REFERENCE^) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 



IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



